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ABSTRACT 
The overall objective of the research is to investigate the mechanistic and kinetic aspects of 
the surface-mediated reduction of plutonium.  The first chapter is a critical review of 
plutonium sorption to pure mineral phases.  The objective is to study if and how the 
mechanisms by which plutonium interacts with mineral surfaces are connected to 
mechanisms for the surface-mediated reduction of plutonium.  The main conclusion of the 
review is that advanced spectroscopy, microscopy, and molecular modeling are needed to 
fully understand not only the surface structure of pure mineral phases, but also the 
coordination and bonding environment of plutonium surface complexes. 
 The objective of the second chapter is to determine if radiolysis at the mineral 
surface is a plausible mechanism for the surface-mediated reduction of plutonium.  Batch 
sorption experiments were used to monitor the amount of plutonium sorbed to high-purity 
quartz as a function of time, pH, and total alpha radioactivity.  Three systems were prepared 
using both 238Pu and 242Pu in order to increase the total alpha radioactivity of the mineral 
suspensions while maintaining a constant plutonium concentration.  The fraction of sorbed 
plutonium increased with increasing time and pH regardless of the total alpha radioactivity 
of the system.  Increasing the total alpha radioactivity of the solution had a negligible effect 
on the sorption rate.  This indicated that surface-mediated reduction of Pu(V) in these 
systems was not due to radiolysis.  Additionally, literature values for the Pu(V) 
disproportionation rate constant did not describe the experimental results.  Therefore, Pu(V) 
disproportionation was also not a main driver for surface-mediated reduction of plutonium.  
Batch desorption experiments and X-ray absorption near edge structure spectroscopy were 
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used to show that Pu(IV) was the dominant oxidation state of sorbed plutonium.  Thus, it 
appears that the observed surface-mediated reduction of Pu(V) in the presence of high-
purity quartz was based on the thermodynamic favorability of a Pu(IV) surface complex. 
In the final chapter, changes in aqueous- and solid-phase plutonium oxidation state were 
monitored as a function of time and plutonium concentration in hematite ( -Fe2O3) 
suspensions containing initially Pu(V).  Batch kinetic experiments were conducted at 
plutonium concentrations between 10-8 and 10-6 M at pH 5 and 0.3 g/L (9.3 m2/L) hematite.  
Surface-mediated reduction of Pu(V) was observed under all conditions studied.  However, 
differences in the reaction kinetics demonstrate the rate and mechanism of Pu(V) reduction 
changes as a function of plutonium concentration.  Adsorption of Pu(V) was found to be 
the rate-limiting step at plutonium concentrations less than approximately 10-7 M Pu(V).  
Plutonium reduction in systems containing low concentrations of plutonium was attributed 
to trace amounts of Fe(II) in the hematite structure.  Reduction of Pu(V) was found to be 
the rate-limiting step at concentrations higher than approximately 10-6 M Pu(V) and is 
attributed to the Nernstian favorability of Pu(IV) surface complexes.  The reaction order 
with respect to plutonium concentration was found to be -1.09 ± 0.13 and -0.90 ± 0.29 for 
the adsorption and reduction rate-limiting steps, respectively.  The results of this chapter 
demonstrate that the rate of Pu(V) adsorption and reduction in the presence of hematite 
decreases with increasing plutonium concentration and that disproportionation of Pu(V) is 
not the mechanism for the surface-mediated reduction of plutonium in these systems.  This 
work strongly suggests that experiments carried out under high plutonium concentrations 
(i.e., > 10-7 M Pu) cannot be directly extrapolated to environmental concentrations of 
plutonium.  
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INTRODUCTION 
Transport models and their supporting geochemical models do not accurately predict the 
transport of plutonium.  It is generally assumed that the high sorption affinity and low 
solubility of Pu(IV) will limit the mobility of plutonium in the environment.  However, far-
field and kilometer-scale transport of plutonium has been observed1,2.  This indicates that 
our current understating of the mechanism(s) responsible for processes that occur at the 
mineral-water interface is insufficient. 
These mineral-water interface processes were studied with an overall objective of 
investigating the mechanistic and kinetic aspects of the surface-mediated reduction of 
plutonium.  Specific objectives included: 
1. Relating the mechanisms by which plutonium interacts with mineral 
surfaces to mechanisms for the surface-mediated reduction of plutonium 
2. Identifying the mechanism(s) of surface-mediated reduction of 
plutonium in the presence of high-purity quartz; and  
3. Examining the kinetics of the surface-mediated reduction of plutonium 
in the presence of hematite.   
Table 1 summarizes the task descriptions and target objectives for each dissertation 
chapter.  The first chapter is a critical review of plutonium sorption to pure mineral phases.  
It provides a background on aqueous plutonium chemistry and the mineralogy of pure 
mineral phases as well as detailed discussions on the proposed mechanisms for plutonium 
sorption and the surface-mediated reduction of plutonium.  The main body of the chapter 
details the published studies of plutonium sorption to pure mineral phases with an emphasis 
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on relating plutonium sorption behavior to the specific mineralogy of a surface, when 
possible. 
In the second chapter, long-term batch sorption experiments, X-ray absorption near 
edge structure (XANES) spectroscopy, and electron microscopy were used to identify the 
mechanism responsible for the surface-mediated reduction of plutonium in the presence of 
high-purity quartz.  The high-purity quartz used in this study Is not a semiconductor, and 
trace metals such as iron an manganese, which can facilitate electron shuttling and electron 
transfer mechanisms, are below detection limits.  Therefore, reduction of plutonium in the 
presence of high-purity quartz must be due to either radiolysis, Pu(V) disproportionation, or 
a thermodynamic favorability of sorbed Pu(IV) hydrolysis products.  Each of these 
mechanisms is discussed in detail for this particular system.   
In the final chapter, the kinetics of Pu(V) adsorption and reduction to hematite were 
studied as a function of plutonium concentration.  Previous studies on this topic assumed 
that Pu(V) interactions with hematite were first order with respect to plutonium 
concentration.  Because advanced spectroscopic measurements, such as X-ray absorption 
spectroscopy (XAS) require micro- or milli-molar concentrations of plutonium, whereas 
batch sorption experiments are generally conducted in at nano-molar concentrations, it is 
advantageous to determine if and how work at these high concentrations can be extrapolated 
to environmentally relevant concentrations. 
The final sections of the dissertation summarize the important findings and conclusions 
of this research and suggest ideas for future work related to the study of mineral-water 
interface processes. 
 
 3 
Table 1.  Task descriptions and target objectives for each chapter of this dissertation. 
Chapter Title Task Descriptions Target 
Objective(s) 
1. Critical Review of Pu 
Sorption to Pure Mineral 
Phases 
• Examine mechanisms for Pu sorption, investigate 
the implications of each method of interaction, and 
identify trends in Pu sorption behavior. 
• Examine mechanisms for the surface-mediated 
reduction of Pu. 
• Relate plutonium sorption behavior to the specific 
mineralogy of a surface 
1 
2. Determination of the 
Effect of Alpha Radiolysis 
on Pu(V) Sorption to 
Quartz Using Multiple 
Isotopes 
• Batch sorption experiments as a function of time 
and total alpha radioactivity. 
• XANES measurements of samples under similar 
conditions of batch sorption experiments. 
• Examination of XANES samples using electron 
microscopy. 
2 
3. Kinetics of Pu(V) 
Adsorption and 
Reduction on Hematite as 
a Function of Plutonium 
Concentration 
• Batch sorption experiments as a function of time, 
Pu concentration, pH, and equilibration 
environment. 
• Examination of batch sorption samples using 
electron microscopy. 
1,3 
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CHAPTER ONE:  
PLUTONIUM SORPTION TO PURE MINERAL PHASES 
INTRODUCTION 
Over the past several decades, interest in plutonium mobility has increased significantly due 
to the need of the United States, as well as other nations, to deal with commercial spent 
nuclear fuel and nuclear weapons disarmament.  Figure 1 provides an overview of the 
geochemical reactions influencing plutonium mobility in the environment.  These 
mechanisms include oxidation and reduction of plutonium in the aqueous phase, formation 
and degradation of plutonium aqueous complexes, precipitation and dissolution of 
plutonium solid phases, sorption and desorption of plutonium and plutonium complexes, 
and the oxidation and reduction of plutonium on a mineral surface.  Biological influences are 
not considered here.  The interactions of plutonium with soils, sediments, and pure mineral 
phases is of particular interest since interactions with these phases has the potential to 
immobilize plutonium and therefore minimize the impact to human health.  Sorption of 
plutonium to mineral surfaces may be due to inner- or outer-sphere complexation, ion–
exchange, surface (co)precipitation, or surface incorporation.  One very important, but only 
partly understood aspect of plutonium-mineral interactions is the surface-mediated reduction 
of plutonium.  Understanding the mechanism(s) responsible for this behavior is fundamental 
to developing mechanistically-accurate conceptual models and reactive transport models 
describing plutonium transport in the environment. 
 
 5 
 
Figure 1.  Overview of potential interactions of plutonium associated with aqueous 
and solid phases. 
 
 Plutonium interactions with soils and sediments are extremely complex, so 
researchers utilize studies with pure mineral phases to isolate and investigate specific aspects 
of the composition and coordination environment of surface complexes.  This approach is 
essential for separating and interpreting the effects of the many variables that ultimately 
control plutonium sorption behavior.  To understand plutonium sorption to pure mineral 
phases, we must know a number of things including, but not limited to, plutonium aqueous 
speciation, the identity and density of mineral sorption sites, and the nature of plutonium 
complexation with the mineral surface.  Ideally, such information would be obtained 
through a combination of ex situ and in situ methods and over a variety of time periods and 
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constituent concentrations, as well as both laboratory- and field-scale experiments.  Surface 
complexation models would then reflect both micro- and macro-scale observations.  
 The goals of this review are to  (1) examine mechanisms for plutonium sorption, 
investigate the implications of each method if interaction, and identify trends in plutonium 
sorption behavior, (2) examine mechanisms for the surface-mediated reduction of 
plutonium, and (3) relate plutonium sorption behavior to the specific mineralogy of a 
surface.  It is organized beginning with an overview of plutonium aqueous chemistry and 
speciation.  The factors leading to multiple plutonium oxidation states in solution are 
discussed as well as the effect of hydrolysis and carbonate complexation on plutonium 
aqueous chemistry.  The second section considers the mechanisms, kinetics, and 
thermodynamics of sorption and the third section contains a detailed discussion of the 
hypotheses for the surface-mediated reduction of plutonium.  The largest sections of the 
review address the mineralogy and major surface species of pure mineral phases and studies 
in the literature concerning plutonium sorption to these solid phases.  A summary of the 
mineral phases considered, together with a variety of physical and chemical properties, is 
provided in Table 2.  The sixth section covers the strengths and weaknesses of empirical and 
mechanistic sorption models and provides an example from the literature on the use of the 
component additivity approach to surface complexation modeling.  The final section 
provides our conclusion based on a review of the literature and recommends some future 
directions for this field of study. 
A recent review by Geckeis et al.3 summarizes some of the mineral-water interface 
reactions of the actinides, with an emphasis on the quantum chemical approaches that have 
been used to describe uranium and curium sorption onto specific mineral faces.  A detailed 
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discussion on current surface-complexation models is also included, and the reader is 
referred there for more information on this topic.  Further information on specific surface-
complexation models can be found in Goldberg4, Hiemstra et al.5,6, Hiemstra and Van 
Riemsdijk7, Robertson and Leckie8, and Venema et al.9.  In addition, Brown et al.10 presented 
a comprehensive review of metal oxide surfaces and their interactions with aqueous 
solutions.  Of particular interest is their discussion of the electrical double layer and its 
contribution to cation binding to a mineral surface. 
PLUTONIUM AQUEOUS CHEMISTRY 
The plutonium species and complexes present in the aqueous phase influence if and how 
plutonium will sorb to a solid phase. This section will discuss the complicated redox 
chemistry of plutonium, the disproportionation of Pu(IV) and Pu(V), and interactions 
between plutonium aqueous species and environmentally-relevant ligands. 
Plutonium can be found as Pu(III), Pu(IV), Pu(V), and Pu(VI).  As seen in Table 3, 
the potentials for all plutonium couples are around 1.0 V in acidic solution.  This similarity in 
redox potentials means that plutonium is very sensitive to even minor changes in the Eh of 
the system; changes in oxidation state readily occur.  Thus, under acidic conditions, all four 
oxidation states can exist simultaneously.  When the pH of the system is raised, the 
reduction potential for the Pu(IV)/Pu(III) couple becomes negative and Pu(III) becomes 
unstable in solution.  However, the reduction potentials for the Pu(V)/Pu(IV), 
Pu(VI)/Pu(V), and Pu(VI)/Pu(IV) couples remain similar; therefore, Pu(IV), Pu(V), and 
Pu(VI) may exist simultaneously at neutral pH. Under basic conditions, the redox potential  
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Table 2. Selected chemical and physical properties for pure mineral phases 
referenced in this paper. 
Mineral Chemical 
Formula 
PZC / 
PZSE 
BET Surface 
Area (m2/g) 
Reference 
Aragonite CaCO3   1.46 ± 0.01 Keeney-Kennicutt and Morse11 
Birnessite δ-MnO2  348 ± 8 Keeney-Kennicutt and Morse11 
   163.9 ± 0.6 Morgenstern and Choppin12 
    Kersting et al. 
 Na0.55Mn2O4•H2O  54.70 ± 0.13 Zhao et al.13 
Brucite Mg(OH)2  25 Farr et al.14 
    Farr et al.15 
Calcite CaCO3  0.60 ± 0.02 Keeney-Kennicutt and Morse11 
    Morse and Choppin16 
    Kersting et al. 
  7.5 - 8.25b 0.262 Zavarin et al.17 
Chukanovite Fe2CO3(OH)2   Kirsch et al.18 
Clinoptilolite (Na3K3)(Al6Si30O72)•24H2O  Kersting et al. 
Cryptomelane K2Mn8O16  10.54 ± 0.78 Zhao et al.13 
Dolomite CaMg(CO3)2  0.46 ± 5% Brady et al.19 
Gibbsite α-Al(OH)3  1.9 Powell et al.20 
Goethite α-FeOOH 7.55 ± 0.15b 70.9 Sanchez et al.21 
   45.5 ± 0.4 Keeney-Kennicutt and Morse11 
    Kersting et al. 
  7.2 c 167.2 Powell et al.22 
  8.8 b 41.7 Khasanova et al.23 
    Lujaniene et al.24 
Hausmannite Mn3O4 > 10 20.4 ± 0.8 Shaughnessy et al.25 
Hematite  -Fe2O3 7.98 - 8.01 53.5 Lu et al.26 
   54 Runde et al.27 
  4.2 c 36.3 Powell et al.22 
   35 ± 2 Romanchuk et al.28 
Hydroxyapatite Ca10(PO4)6(OH)2   Moore et al.29 
Mackinawite FeS   Kirsch et al.18 
Magnetite Fe3O4 7.9 ± 0.2 
c 25.4 Powell et al.30 
    Kirsch et al.18 
  7.4 ± 0.3 b 4.6 – 4.8 Tsukamoto et al.31 
Manganite MnOOH 4.7 c 95 ± 1.4 Shaughnessy et al.25 
Pyrolusite β-MnO2  2.5 Powell et al.32 
    Kersting et al. 
   2.30 ± 0.04 Zhao et al.13 
Quartz SiO2  1.2 Powell et al.20 
    Kersting et al. 
   3.4 – 4.5 Hixon et al.33 
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Table 3.  Formal electrochemical potentials for redox couples relating the plutonium 
ions in acidic, neutral, and basic aqueous solutions versus the standard hydrogen 
electrode. Adapted from Clark e t  a l . 34 
Redox Reaction Acidic Neutral Basic Pu!! ⇌   Pu!! + e! +0.982 -0.39 -0.96 Pu!! + 2H!O ⇌ PuO!! + 4H! + e! +1.170 +0.70 -0.67 PuO!! ⇌ PuO!!! + e! +0.913 +0.60 +0.12 Pu!! + 2H!O ⇌ PuO!!! + 4H! + 2e! +1.043 +0.65 +0.34 Pu!! + 2H!O   ⇌ PuO!! + 4H! + 2e!  +1.076  
 
for the Pu(V)/Pu(IV) couple is also negative.  Therefore, higher pH conditions may favor 
the plutonyl (Pu(V) and Pu(VI)) species.  Under basic conditions, the reduction potentials of 
each redox couple are not as close as they are under acidic and neutral conditions. 
Both Pu(III) and Pu(IV) exist as the aquo ions Pu+3 and Pu+4, respectively, and retain 
their overall formal charge.  However, Pu(V) and Pu(VI) form the dioxo cations PuO2
+ and 
PuO2
+2, respectively.  The formation of these axial oxygen bonds on Pu(V) and Pu(VI) 
lowers their effective charges.  Choppin and Rao35 report an effective charge of 2.9 ± 0.1 for 
Pu(VI) and by analogy to Np(V), the effective charge of Pu(V) is assumed to be ~2.2.  The 
effective charge of the plutonium ions greatly affects its environmental behavior because the 
aqueous plutonium ions are ionic.  The strength of the ionic bond between a plutonium 
cation and an anionic ligand is proportional to the effective charge of the plutonium cation.  
Generally, as the effective charge increases, the ionic bonds that are formed become stronger 
and shorter.  This leads to the actinide trend-- Pu+4 > PuO2
+2 ≈ Pu+3 > PuO2
+-- which is 
based upon the effective charge of the ions.  Because Pu(IV) has the highest effective charge 
of all the plutonium oxidation states, it is assumed that aqueous Pu+4 will be removed from 
the aqueous phase via sorption to any solid phase present and is therefore the least mobile 
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form of plutonium in the environment.  Conversely, Pu(V) is considered to be the most 
mobile due to its relatively low effective charge and, therefore, weak complex formation. 
 Because of ion-dipole interactions, a hydration sphere surrounds all ions in solution.  
This results in a strong primary hydration sphere.  Table 4 shows the number of 
coordinating waters in the primary hydration sphere for each oxidation state of plutonium 
and the corresponding Pu-O distance.  A secondary hydration sphere is formed as a result of 
dipole-dipole interactions between the waters that make up the primary hydration sphere and 
bulk water.  The thermodynamics associated with these hydration spheres influences how 
plutonium will interact with a mineral surface (e.g., whether an inner- or outer-sphere 
complex will form).  The reader is referred to Section 0 for a more detailed discussion on 
sorption mechanisms.  Generally, the entropy associated with hydration becomes more 
positive as the effective charge decreases36: Pu+4 > Pu+3 > PuO2
+2 > PuO2
+.  The more 
negative entropy for Pu(IV) relative to Pu(VI) and Pu(V), as shown in Table 4, indicates 
increased hydration.  This is supported by the extended X-ray absorption fine structure 
(EXAFS) data in Table 4, which shows that Pu+4 has 8 coordinating waters in its primary 
hydration sphere whereas PuO2
+ and PuO2
+2 have 4-5 coordinating waters in their primary 
hydration spheres.  
Oxidation-Reduction Behavior 
Table 3 shows the oxidation half-reactions that may occur in solution; it also provides the 
standard potentials for these reactions under acidic, neutral, and basic pH.  Note that the 
Pu(III)/Pu(IV) and Pu(V)/Pu(VI) couples are not dependent on the pH of the solution. 
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Table 4. Number of Coordinating Waters and Distance of the Hydration Sphere for 
each Plutonium Oxidation State 
Oxidation State General Formula Number of 
Coordinating 
Waters (n) 
Pu-O Distances 
(Å) 
S0  
(J K-1 mol-1)h 
+3 Pu(OH2)n
+3 9 a, f 2.48(1) a -184.5 ± 6.2 
  10 b 2.51(1) b, f  
+4 Pu(OH2)n
+4 8 a, g 2.39(1) a -414.5 ± 10.2 
+5 PuO2(OH2)n
+ 4-5 a 2.47(1) a 1 ± 30 
+6 PuO2(OH2)n
+2 4-5 a 2.41(1) a -71 ± 22 
a Conradson et al.37 
b Allen et al.38 
f Matonic et al.39 
g Greenwood and Earnshaw40 
h Clark et al.34 
 
 
 
The double-bonded axial oxygens of Pu(IV) and Pu(VI) do not need to be formed or broken 
for these reversible reactions to occur (see Table 3).  However, the other redox reactions  
exhibit pH dependence.  Structural rearrangement occurs in these reactions in order for axial 
Pu-O double bonds to form or dissolve. 
Disproportionation 
The disproportionation of Pu(IV) and Pu(V) also contributes to the existence of multiple 
plutonium oxidation states in solution.  Connick41 and Rabideau42,43 studied these 
disproportionation reactions under acidic conditions and found that each involves a two-
step process that does not rely on the oxidation or reduction of water or other elements to 
act as electron shuttles.  For the disproportionation of Pu(IV) (reaction 1), the slow step 
(reaction 2) involves two Pu(IV) ions combining to form Pu(III) and Pu(V).  This reaction is 
slow because it involves the formation of an axial oxygen double bond in PuO2
+.  In the 
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second step (reaction 3), the Pu(V) produced in reaction 2 reacts with a third Pu(IV), 
yielding Pu(III) and Pu(VI).  The disproportionation is complete when both reactions have 
reached equilibrium. 
 3Pu!! + 2H!O ⇌ 2Pu!! + PuO!!! + 4H!     (1) 2Pu!! + 2H!O ⇌ Pu!! + PuO!! + 4H!  (slow) (2) PuO!! + Pu!! ⇌ Pu!! + PuO!!!  (fast) (3) 
 
The overall disproportionation of Pu(V) at pH <1 is provided in reaction 4.  The slow step 
(reaction 5) is the reverse of the slow step for Pu(IV) disproportionation; the fast step is 
identical for both disproportionation reactions. 
 2PuO!! + 4H! ⇌ Pu!! + PuO!!! + 2H!O  (4) PuO!! + Pu!! + 4H! ⇌ 2Pu!! + 2H!O  (slow) (5) 
 
If there is little or no Pu(III) in solution, Pu(V) disproportionation will proceed via reactions 
3 and 4, where reaction 4 is the rate-determining step and reaction 3 is assumed to reach 
rapid equilibrium. 
Disproportionation is a function of plutonium concentration and pH.  The third and 
second order dependence of disproportionation equilibrium constants on Pu+4 and PuO2
+ 
concentration, respectively, indicates that disproportionation will increase as the plutonium 
concentration of the system increases.  Additionally, the equilibrium constant for the 
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disproportionation of Pu(IV), as written in reaction 1, has a fourth order dependence on the 
hydrogen ion concentration.  Conversely, the equilibrium constant for the 
disproportionation of Pu(V), as written in reaction 4, has an inverse fourth order 
dependence on the hydrogen ion concentration in solution.  Therefore, according to the 
reactions above, as the pH of a system is lowered, the disproportionation of Pu(IV) becomes 
less important while the disproportionation of Pu(V) becomes more important.  However, 
these reactions do not take into consideration the effects of plutonium hydrolysis as the pH 
of the system is raised.  Extrapolation of this effect is difficult.  For example, the 
disproportionation of Pu(V) at circumneutral pH could be described by reaction 6, 7, or 833: 
 
2PuO2
+  +  H2O  + H+     Pu(OH)3+  +  PuO2+2  (6) 
2PuO2
+  +  2H2O     Pu(OH)4  +  PuO2+2  (7) 
2PuO2
+  +  3H2O     Pu(OH)4  +  PuO2OH+  +  H+  (8) 
 
Because each of these reactions exhibits a different pH dependence, it is unclear what 
influence disproportionation may have across the pH range and further studies in this area 
are warranted. 
 Despite the mechanistic understanding of Pu(IV) and Pu(V) disproportionation 
discussed above, based on the work of Connick41 and Rabideau42,43, and corroborated by 
others44–46, much research still needs to be done.  These studies were all performed in 
strongly acidic solutions (pH <1) and in matrices not representative of environmental 
samples.  Understanding how plutonium hydrolysis and changes in ionic strength affects the 
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disproportionation mechanisms and kinetics are important research questions that need to 
be answered in the near future.  
Ligand Interactions 
In natural fresh waters, common inorganic ligands include hydroxide, carbonate, phosphate, 
fluoride, chloride, and sulfate.  Because of the relatively high concentration of hydroxide and 
carbonate in natural waters47, the discussion below will be limited to the effect hydrolysis and 
carbonate complexation have on plutonium aqueous chemistry. 
All plutonium species readily undergo hydrolysis.  While hydrolysis is important 
across the entire pH range for the +3, +4, and +6 oxidation states of plutonium, Pu(V) does 
not hydrolyze until alkaline solution conditions exist.  This can be seen by comparing Figure 
2a and Figure 3a.  In Figure 2a, Pu(IV) is successively hydrolyzed to Pu(OH)2
+2, Pu(OH)3
+, 
and Pu(OH)4(aq) while Pu(V) remains as the free dioxo cation until it is hydrolyzed at 
approximately pH 10 (Figure 3a).  During hydrolysis, the positive charge on the plutonium 
ion polarizes water sufficiently to remove a proton: 
 nPu!! + qH!O ⇌ Pu(OH)!!"!! + qH! (9) 
 
As discussed in Section 0, the tendency of a plutonium ion to undergo hydrolysis decreases 
as the effective charge of the ion increases: Pu+4 > Pu+3 ≈ PuO2
+2 > PuO2
+.  Therefore 
hydrolysis is most pronounced for Pu+4, and the least pronounced for PuO2
+.  This is 
supported by the observation that Pu(V) exists as the free cation over part of the pH range 
while Pu(IV) does not. 
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Carbonate is present in aqueous solutions that are open to the atmosphere as a result 
of the reactions listed in Table 5.  The first reaction corresponds to the dissolution of carbon 
dioxide in water forming carbonic acid.  Subsequent deprotonation creates bicarbonate and 
carbonate in solution.  Based on the pKa values given in Table 5, interactions of plutonium 
with bicarbonate and carbonate need to be taken into consideration at pHs above 6.3 and 
10.3, respectively.  The negatively charged plutonium-carbonate complexes (see Table 6) 
formed under these conditions are expected to be repelled by a negatively charged mineral 
surface.  Therefore, the presence of carbonate may ultimately decrease plutonium sorption 
to minerals and increase its mobility in the subsurface environment. 
 The effect of carbonate concentration on Pu(IV) and Pu(V) aqueous speciation is 
shown in Figure 2 and Figure 3, respectively.  In both cases, plutonium-carbonate 
complexation is favored over hydrolysis.  This is not surprising given the high log 𝛽!,!!  values 
presented in Table 6.  As a comparison, the log 𝛽!,!!  values for Pu(IV) hydrolysis and Pu(IV) 
carbonate complexation are shown in Figure 4.  The log *𝛽!,!!  values were taken from Clark 
et al.34 and adjusted for the log Kw of water using equation 10. 
 
log 1,i
0 = log* 1,i
0 -n logKw  (10) 
 
where n is the number of waters involved in the hydrolysis reaction.  The log β1,i values were 
taken from Clark et al.48 and adjusted to zero ionic strength using the Davies equation.  This 
favorability towards Pu-carbonate complexation may have a profound impact on plutonium 
sorption if the Pu-carbonate complexes that are formed have a negative charge.  Therefore,  
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Figure 2.  Pu(IV) aqueous speciation in (A) a carbonate-free environment and (B) a 
solution containing 0.1 M carbonate.  [Pu+4] = 10-8 M.  Modeling performed using 
HySS 2009.  Hydrolysis constants obtained from Clark e t  a l . 34; pKa and log 𝜷𝟏,𝒊𝟎  values 
for carbonate complexes taken from Table 5 and Table 6, respectively. 
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Figure 3.  Pu(V) aqueous speciation in (A) a carbonate-free environment and (B) a 
solution containing 0.1 M carbonate.  [PuO2
+] = 10-8 M.  Modeling performed using 
HySS 2009.  Hydrolysis constants obtained from Clark e t  a l . 34; pKa and log 𝜷𝟏,𝒊𝟎  values 
for carbonate complexes taken from Table 5 and Table 6, respectively. 
 
 
 
 
0.00E+00%
2.00E'09%
4.00E'09%
6.00E'09%
8.00E'09%
1.00E'08%
1.20E'08%
0% 2% 4% 6% 8% 10% 12% 14%
Co
nc
en
tr
a)
on
*o
f*P
u(
IV
)*S
pe
ci
es
*(M
)*
pH*
A%
B%
Pu(OH)2+2%
Pu(OH)3+%
Pu(OH)4(aq)%
0.00E+00%
2.00E'09%
4.00E'09%
6.00E'09%
8.00E'09%
1.00E'08%
1.20E'08%
0% 2% 4% 6% 8% 10% 12% 14%
Co
nc
en
tr
a)
on
*o
f*P
u(
V)
*S
pe
ci
es
*(M
)*
pH*
PuO2+% PuO2OH(aq)%
 18 
Table 5.  Dissolved carbonate equilibria.  Equilibrium constants are given at 25°C 
and zero ionic strength. Values from Stumm and Morgan47 
Chemical Reaction pKa CO! g + H!O ⇌ H!CO!(aq) 1.47 H!CO! aq ⇌ H! + HCO!! 6.35 HCO!! ⇌ H! + CO!! 10.33 
 
Table 6. Calculated log 𝜷𝟏,𝒊𝟎  values for Pu(VI), Pu(V), and Pu(IV) complexation with 
carbonate at zero ionic strength.  Adapted from Clark e t  a l . 48. 
Species Formation Reaction Log 𝛽!,!!  
PuO2(CO3) PuO!!! + CO!!! ⇌ PuO!(CO!) 8.4 ± 0.3 
PuO2(CO3)2
-2 PuO!!! + 2CO!!! ⇌ PuO!(CO!)!!! 15.1 
PuO2(CO3)3
-4 PuO!!! + 3CO!!! ⇌ PuO!(CO!)!!! 18.5 
PuO2(CO3)
- PuO!! + CO!!! ⇌ PuO!(CO!)! 5.1 ± 0.1 
PuO2(CO3)3
-5 PuO!! + 3CO!!! ⇌ PuO!(CO!)!!! 8.2 ± 2.1 
Pu(CO3)
+2 Pu!! + CO!!! ⇌ Pu(CO!)!! 19.4 ± 0.7 
Pu(CO3)2 Pu!! + 2CO!!! ⇌ Pu(CO!)! 33.5 ± 1.0 
Pu(CO3)3
-2 Pu!! + 3CO!!! ⇌ Pu(CO!)!!!  42.7 ± 0.8 
Pu(CO3)4
-4 Pu!! + 4CO!!! ⇌ Pu(CO!)!!! 45.3 ± 0.8 
Pu(CO3)5
-6 Pu!! + 5CO!!! ⇌ Pu(CO!)!!! 44.5 ± 0.8 
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Figure 4.  Cumulative formation constants for the hydrolysis and carbonate 
complexation of Pu(IV).  Values for Pu(IV) hydrolysis and Pu(IV)-carbonate adapted 
from Clark e t  a l . 34 and Clark e t  a l . 48, respectively. 
 
these species may be repelled by a negatively charged surface when plutonium hydrolysis 
products would otherwise be attracted to that same surface in solutions not containing any 
carbonate.  
SORPTION MECHANISMS, KINETICS, THERMODYNAMICS 
The term ‘sorption’ is a non-specific way of describing a diverse set of interactions that 
happen at the mineral-water interface.  Absorption denotes diffusion of an aqueous species 
into the pores of a pure mineral phase whereas adsorption includes both physisorption (i.e., 
purely electrostatic interactions between the mineral surface and the aqueous species) and 
chemisorption (i.e., the chemical attraction between the mineral surface and an aqueous 
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species, leading to bond formation).  The first part of this section will describe several 
aspects of adsorption: inner- and outer-sphere sorption, ion exchange, (co)precipitation, and 
structural incorporation. 
The second part of this section discusses the kinetics of plutonium sorption, which 
plays a role in the speciation of plutonium in the subsurface environment since, in many 
cases, it is a non-equilibrium system.  Plutonium in the aqueous phase will have a finite time 
period with which it is in contact with a mineral surface.  Therefore, if the kinetics of 
sorption is substantially slower than the residence time of plutonium, it will remain in the 
aqueous phase instead of partitioning to the solid phase.  The thermodynamics of plutonium 
sorption are also discussed as a means of understanding the overall energy changes that 
occurs at the mineral-water interface. 
Sorption Mechanisms 
Inner-sphere sorption occurs when plutonium becomes covalently bonded to the mineral 
surface.  Plutonium acts as a Lewis acid, accepting electron pairs from the mineral surface.  
These reactions involve the release of protons from structural anions at the mineral surface 
and loss of a water molecule from the hydration sphere of plutonium49,50.  The resulting 
surface species may be monodentate or polydentate.  Generally, inner-sphere sorption is an 
endothermic process (i.e., ΔH is positive).  Therefore, in order for ΔG to be negative, ΔS 
must be sufficiently positive to overcome the positive ΔH value.  This is true in these 
systems because plutonium is moving from a disordered form (aqueous phase) to an ordered 
form (solid phase), leading to a positive ΔS value.  These interactions are generally 
considered to be irreversible because water would need to move from the disordered bulk 
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phase to form ordered hydration spheres surrounding the aqueous plutonium ion as well as 
the surface.  This is supported by desorption studies in which only small fractions of 
plutonium are removed from the surface11,21,26,30,33 and suggests that plutonium sorbed to a 
mineral in this manner will be immobile in the subsurface environment unless the mineral is 
a colloid, which is itself mobile. 
Outer-sphere sorption is the result of electrostatic attraction between the charged 
mineral surface and a plutonium ion in the electrical double layer (EDL).  No covalent 
bonds are formed; therefore, the reaction is typically reversible.  It is generally accepted that 
these surface interactions vary with ionic strength due to the collapse of the double layer at 
high ionic strengths49–51.  However, Lützenkirchen52 suggests that the variation in sorption 
behavior with ionic strength is due to promotive effects, which are aqueous- or solid-phase 
species that are not taken into consideration when a conceptual model is developed, and are, 
therefore, not included in the surface-complexation model.  These species, if included in the 
model, would predict the increased sorption with increasing ionic strength.  If they are not 
accounted for, some sorption behavior may be classified as outer-sphere complex formation 
when in fact inner-sphere complex formation is the correct and real mechanism occurring in 
the system.  Furthermore, no spectroscopic evidence exists to support the theory that a 
change in sorption behavior with changing ionic strength is due to outer-sphere complex 
formation.  Therefore, in this paper, the variation of sorption behavior with changes in ionic 
strength is not proposed to be an indication of inner- or outer-sphere sorption.  Outer-
sphere sorption could important if plutonium is sorbed to a mineral colloid, but based on 
the strong attraction of plutonium to oxide surfaces, formation of outer-sphere plutonium 
complexes is unlikely.  Because colloids are able to move with water through pore spaces, 
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plutonium bound outer-spherically to a mineral colloid may later desorb in the far-field 
environment.  However, even when kilometer-scale colloidal transport of plutonium is 
found, no desorption of plutonium from the colloids is observed1,2. 
Ion exchange refers to the replacement of one readily exchangeable ion by another.  
With respect to this paper, it represents substitution of plutonium for a structural or 
interlayer cation.  This requires that the structural cation be readily available at the mineral 
surface50 or that the interlayer is accessible.  Ion exchange mechanisms are particularly 
important when considering sorption to clay minerals.  This is because water is able to 
penetrate and expand the interlayer space in 2:1 clays such as illite, vermiculite, smectite, and 
chlorite.  Ions in the aqueous phase, such as plutonium, exchange with monovalent interlayer 
cations. 
The final two sorption mechanisms are surface (co)precipitation and structural 
incorporation.  The literature is especially ambiguous when it comes to differentiating 
between these two mechanisms, and generally they are lumped together into the term “solid 
solution”.  Surface precipitation occurs when aqueous ions fall out of solution and cover a 
high proportion of the mineral surface.  It is mostly likely to occur when the aqueous ion 
concentration is greater than the solubility of the relevant solid phase or possibly when 
sorption of the ions to a surface effectively concentrates the ions relative to the bulk phase, 
resulting in a locally saturated environment at the mineral surface.  For example, uranium 
precipitation at the calcite-solution interface is only observed when the aqueous U(VI) 
concentration is greater than the solubility of rutherfordine (UO2CO3).  Surface precipitation 
may also occur if surface sites become saturated53.  Structural incorporation occurs when an 
ion from the aqueous phase substitutes for an ion in the bulk mineral structure instead of 
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forming a surface complex or precipitate.  Generally, the plutonium ion would need to have 
an ionic radius close to that of the mineral ion it was to replace54.  The exact process and 
parameters that affect structural incorporation are largely unstudied.  Hypothesized key 
parameters include the size and coordination number of the lattice site, the nature of the 
coordinating ions, and bond strength of the mineral anion54–56. 
Currently, indirect methods, such as solvent extraction data showing the oxidation 
state distribution in aqueous and solid phases and changes in sorption curves with changes in 
ionic strength, are used to infer the sorption mechanism in batch sorption systems.  
Advanced spectroscopy, microscopy, and molecular modeling are needed to definitively 
identify the responsible sorption mechanism(s)57,58.  This molecular-scale information is 
needed to quantitatively and qualitatively understand sorption reactions and to improve 
surface-complexation models. 
Sorption Kinetics and Thermodynamics 
As shown in Table 4, plutonium ions are hydrated in aqueous solution with the number of 
coordinating waters ranging from 4-10 depending upon oxidation state.  The mineral surface 
is also hydrated.  Therefore, inner-sphere sorption of plutonium to a mineral surface can be 
thought of as a three-step process: (1) formation of an outer-sphere complex between the 
hydrated plutonium ion and the hydrated mineral surface; (2) dissociation of water from the 
plutonium ion; and (3) deprotonation  and dehydration of the mineral surface and formation 
of an inner-sphere complex59,60.    This process is similar to that for aqueous coordination 
reactions26,34,51,59,61,62.  As an example, this three-step process is shown below for the sorption 
of Pu+4 as a monodentate complex to a mineral surface. 
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 ≡ S− OH+ Pu H!O !!! ⇌  ≡ S− OH⋯Pu H!O !!!  (11) ≡ S− OH⋯Pu H!O !!! ⇌  ≡ S− O H − Pu H!O !!! + H!O (12) ≡ S− O H − Pu H!O !!! ⇌  ≡ S− O− Pu H!O !!! + H! (13) 
 
The rate constants for outer-sphere complex formation (Kos) and adsorption (kads ) are 
derived from equations 12 and 13, respectively.  The rate constant, k, for surface 
deprotonation is typically assumed to be fast relative to the adsorption rate and is therefore 
ignored.  The overall rate equation for the adsorption of Pu+4 to a mineral surface is 
therefore 
 
![≡!!!!  !" !!! !!!]  !" = K!"k!"# Pu H!O !!! [≡ S− OH][H!]  (14) 
 
The rate at which water is dissociated from a hydrated ion is generally the rate-limiting step59. 
The chemical thermodynamics of a system describe the overall energy changes that 
occur when transitioning from one state to another.  For a system under standard-state 
conditions 
 ∆G! = ∆H! − T∆S!  (15) 
 
where ΔG0 is the Gibbs free energy, ΔH0 is the enthalpy (i.e., heat content), and ΔS0 is the 
entropy (i.e., disorder) of the system.  A reaction or process is considered to be spontaneous 
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when ΔG is negative.  This achieved by a negative ΔH, a positive ΔS, or both.  If both ΔH 
and ΔS are negative, the temperature of the system and relative magnitude of ΔH and ΔS 
determines whether a reaction will be spontaneous47.  A negative TΔS term makes a reaction 
less favorable because it increases ΔG.  Under non-standard-state conditions, ΔG is defined 
as 
 ∆G = ∆G! + RT𝑙𝑛K  (16) 
 
where ΔG0 is standard Gibbs energy, R is the gas constant, T is the temperature, and K is the 
equilibrium constant of the system.  At equilibrium, ΔG = 0 and ∆G! = −RT𝑙𝑛K. 
The free energy associated with sorption of plutonium to a mineral surface has two 
components: the free energy associated with bonding (∆G!"#$%!&'! ) and the free energy 
associated with electrostatic interactions (∆G!"!#$%&'$($)#'! ). 
 ∆G!"#$%&"'! = ∆G!"#$%!&'! + ∆G!"!#$%&'$($)#'!   (17) 
 
Electrostatic interactions refer to those between a charged mineral surface and a charged 
aqueous plutonium ion (or complex).  For example, a positively charged surface will repel 
plutonium cations; a negatively charged surface will attract plutonium cations.  However, 
plutonium sorption to mineral phases is observed even when the pH of the system is below 
the PZC of the mineral surface (i.e., the surface is positively charged).  This is due to the free 
energy associated with deprotonating the surface and the formation of O-Pu bonds with a 
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metal oxide surface.  The free energy of bonding is affected by steric constraints such as ion 
size, the presence of actinyl oxygens, and ligands.  Attraction is proportional to the product 
of effective charges. 
Desorption of inner-spherically-bound plutonium is not favored energetically 
because the hydration spheres of both plutonium and the mineral surface would have to be 
“rebuilt.” This involves moving water molecules from the highly disordered bulk water and 
putting them into a very ordered hydration sphere.  Because plutonium is moving from a 
disordered form (aqueous phase) to an ordered form (solid phase), ΔS is positive.  In order 
for ΔG to be negative, either ΔH must be negative or ΔS sufficiently positive to overcome a 
positive ΔH value.  No increase in plutonium desorption from a mineral surface is observed 
at high pHs.  This indicates that the energetics of surface complexes are more favorable than 
the energetics for plutonium-carbonate aqueous complexes, resulting in a larger stability 
constant for the plutonium-surface complex.  The small amount of plutonium desorption 
may be indicative of slow desorption kinetics, irreversible sorption, or sorption hysteresis. 
Whether an inner- or outer-sphere sorption complex forms is partially driven by 
thermodynamics.  Outer-sphere complexes are formed when a ligand is not able to replace a 
water molecule in the primary hydration sphere of the actinide.  Therefore, the primary 
hydration sphere is undisturbed.  This results in a negative entropy and exothermic enthalpy 
due to cation-ligand interactions.  Conversely, the formation of inner-sphere complexes does 
disturb the primary hydration sphere. 
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SURFACE-MEDIATED REDUCTION  
Numerous studies have observed the capacity of pure minerals to reduce or oxidize 
plutonium.  These studies are summarized in Table 7 and Table 8, and are discussed in detail 
in Section 0.  Despite these studies, the exact mechanism(s) responsible for surface-mediated 
redox reactions remain unclear.  Hypotheses include: (1) radiolysis at the mineral 
surface20,21,28,33, (2) electron transfer via ferrous iron or manganese in the mineral 
structure13,21,22,25,28,30,32, (3) disproportionation of Pu(V)11,21,28,30,33,63, (4) electron shuttling due to 
the semiconductor properties of the mineral11,22, and (5) reduction based on a Nernstian 
favorability of Pu(IV) surface complexes or surface precipitates22,33.  The conceptual models 
supporting these hypotheses are discussed below. 
Radiolysis at the mineral surface 
Alpha particles released from the radioactive decay of plutonium may induce 
hydrogen peroxide and free radical formation in water.  These radiolysis products can then 
react with plutonium, reducing Pu(V) to Pu(IV) either on the mineral surface or in solution, 
followed by sorption of Pu(IV) to the mineral surface.  Turner64 states that alpha radiolysis 
of water may produce the following species:  OH, H3O
+, e-(eq),  H, H2, and H2O2.  Of 
these radiolysis products, e-(aq),  H, and H2O2 are capable of reducing Pu(V) to Pu(IV) in 
the absence of a catalyst65–68.  The hydrogen radical is known to react with itself and  OH to 
produce H2 and water, respectively
66,67.  However, neither molecular hydrogen nor water 
reduces Pu(V) to Pu(IV) in the absence of a catalyst65,69; therefore,  H is not responsible for 
the surface-mediated reduction of plutonium.  
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Table 7.  Minerals upon which plutonium reduction is observed or inferred. 
Mineral Method of observing or 
inferring reduction 
Reference 
Aragonite (CaCO3) solvent extraction Keeney-Kennicutt and Morse
11 
Birnessite (δ-MnO2) solvent extraction Keeney-Kennicutt and Morse
11 
 XAS Kersting et al.63 
Calcite (CaCO3) solvent extraction Keeney-Kennicutt and Morse
11 
 XAS Kersting et al.63 
 batch sorption Zavarin et al.17 
Chukanovite (Fe2CO3(OH)2) XAS Kirsch et al.
18 
Clinoptilolite XAS Kersting et al.63 
Gibbsite (α-Al(OH)3) solvent extraction Powell et al.
20 
Goethite (FeOOH) solvent extraction Keeney-Kennicutt and Morse11 
 solvent extraction Sanchez et al.21 
 solvent extraction Powell et al.22 
 solvent extraction Lujanienė et al.24 
 XAS Kersting et al.63 
 batch sorption Khasanova et al.23 
Hausmannite XAS Shaughnessy et al.25 
Hematite (Fe2O3) batch sorption Lu et al.
26 
 batch sorption Runde et al.27 
 solvent extraction Powell et al.22 
 solvent extraction Romanchuk et al.28 
Mackinawite (FeS) XAS Kirsch et al.18 
Magnetite (Fe3O4) solvent extraction Powell et al.
30 
 XAS Kirsch et al.18 
Manganite (γ-MnOOH) XAS Shaughnessy et al.25 
Pyrolusite (β-MnO2) XAS Kersting et al.
63 
 solvent extraction Powell et al.32 
Silica (SiO2) XAS Kersting et al.
63 
 solvent extraction Powell et al.20 
 XAS Hixon et al.33 
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Table 8.  Minerals upon which plutonium oxidation is observed or inferred. 
Mineral Method of observing or 
inferring oxidation 
Reference 
Birnessite (δ-MnO2) solvent extraction Keeney-Kennicutt and Morse
11 
 solvent extraction Morgenstern and Choppin12 
 solvent extraction Zhao et al.13 
Cryptomelane (KMn8O16) solvent extraction Zhao et al.
13 
Pyrolusite (β-MnO2) solvent extraction Powell et al.
32 
 solvent extraction Zhao et al.13 
 
Hydrogen peroxide can react with plutonium according to reactions 18-19 wherein 
Pu(VI) is reduced to Pu(V) and Pu(V) is reduced to Pu(IV)68. 
 
2PuO2
+2 aq   +  H2O2 aq   ↔ 2PuO2+ aq   +  2H+ aq   +  O2(g)  (18) 
2PuO2
+(aq)  +  H2O2(aq)  ↔ 2Pu+4(aq)  +  2H+(aq)  +  3O2(g)  (19) 
 
Solvated electrons interact with plutonium according to reactions 20-21, analogous to the 
reaction of Np(VI) and Np(V) with e-(aq)67. 
 
PuO2
+2  +  e-(aq)     PuO2+  (20) 
PuO2
+  +  e- aq   + 4H+     Pu+4  +  2H2O  (21) 
 
G values can be used to determine the number of hydrated electrons or hydrogen peroxide 
molecules that will be generated for every 100 eV of energy deposited by an alpha particle.  
Therefore, this number is dependent upon the plutonium isotope and concentration.  The 
decomposition of hydrated electrons and hydrogen peroxide in solution must also be taken 
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into consideration and this decomposition rate must be slow enough to allow interaction 
between plutonium and the radiolysis product.  Bronskill et al.70 reported decomposition rate 
constants on the order of 1013 days-1 for solvated electrons and 10-2 days-1 for hydrogen 
peroxide. 
 Hixon et al.33 tested whether radiolysis at the mineral surface was a plausible 
mechanism for the surface-mediated reduction of plutonium in the presence of high-purity 
quartz.  Increasing the total alpha radioactivity of the solution by varying the ratio of 242Pu to 
238Pu in solution had a negligible effect on the rate of plutonium sorption.  Conservative 
calculations showed that the greatest amount of hydrogen peroxide within the range of a 
238Pu alpha particle in water, assuming the 238Pu was located at the silica surface, was four 
times less than the amount of plutonium in solution.  It was concluded that radiolysis 
products were not responsible for the reduction of plutonium. 
Electron transfer via ferrous iron or manganese in the mineral structure 
Ferrous iron or Mn(II) at the mineral surface may facilitate the surface-mediated reduction 
of plutonium via electron transfer.  This hypothesis is supported by the observation of 
plutonium reduction on pure Fe(II) minerals, such as mackinawite18.  Furthermore,  Hixon et 
al.71 applied various treatments to Savannah River Site vadose-zone sediments to examine 
the effect of sediment iron mineral composition and oxidation state on plutonium sorption 
and reduction.  In particular, dithionite-citrate-bicarbonate (DCB) treatments of increasing 
vigor (i.e., one or four hour treatment times at 25°C or 70°C) were used to selectively 
remove Fe(III)-oxides and reduce phyllosilicate iron.  The amount of Fe(II) in the DCB 
treated sediments followed the trend DCB1-25°C > DCB4-25°C > DCB4-70°C.  Figure 5 
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shows that as the amount of Fe(II) in the treated sediment decreased, the rate of Pu(V) 
reduction to Pu(IV) also decreased.  This was supported by oxidation state analyses showing 
that the total amount of Pu(IV) in the system (i.e., aqueous plus solid phases) decreased with 
decreasing Fe(II) content.  Therefore, less plutonium was reduced over the same period of 
time with decreasing Fe(II) content. 
However, the mere presence of Fe(II) cannot account for observed plutonium 
sorption behavior.  Kirsch et al.18 studied the sorption of Pu(V) to magnetite (FeIIFeIII2O4), 
chukanovite (FeII2(CO3)(OH)2), and mackinawite (Fe
IIS) under anoxic conditions.  X-ray 
absorption spectroscopy (XAS) measurements indicate that plutonium is sorbed to 
magnetite as Pu(III).  Monte Carlo simulations suggest that Pu(III) forms an edge-sharing, 
inner-sphere complex with the FeO6 octahedra on the (111) surface of magnetite.  In 
addition, reduction of Pu(V) to Pu(IV) on magnetite was inferred by Powell et al.30 through 
solvent extraction.  However, in solutions containing mackinawite, Pu(V) is reduced to 
Pu(IV), which precipitates on the mineral surface as PuO2
18.  This incomplete reduction of 
plutonium in contrast with magnetite is likely due to the sulfur-terminated faces of 
mackinawite, which are not thermodynamically favored for plutonium sorption18.   
Furthermore, reduction of Pu(V) to Pu(III) and PuO2 precipitation are observed in 
the presence of chukanovite.  This is likely due to oxygen termination of the mineral surface.  
Therefore, although Fe(II) is present in all three of these mineral systems, two-electron 
reduction of Pu(V) to Pu(III) is not always observed.  Specific knowledge of each mineral 
surface is needed to explain plutonium sorption behavior. 
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Figure 5.  Fraction of Pu(IV) in the total system (solid and aqueous phases) as a 
function of equilibration time for the whole sediment (WS) and dithionite-citrate-
bicarbonate (DCB) treated Savannah River Site sediments.  Experimental error is 
within the data points.  Adapted from Hixon e t  a l . 71. 
 
Disproportionation of Pu(V) 
Pu(V) can disproportionate to Pu(IV) and Pu(VI) under acidic conditions according to 
reaction 4 (see Section 0).  The rate of this reaction will increase with increasing plutonium 
concentration.  The conceptual model supporting disproportionation of Pu(V) as a 
mechanism for the surface-mediated reduction of plutonium is that relatively high Pu(V) 
concentrations exist at the mineral surface due to accumulation and sorption of Pu(V).  
Disproportionation could occur either on the mineral surface or within the aqueous-phase 
electric double layer with subsequent sorption of Pu(IV).  The exact reaction path would be 
determined by the relative affinities of Pu(V) and Pu(IV) for the mineral surface63. 
One indication that disproportionation is not a dominant mechanism is presented by 
Hixon et al.71, who studied the reduction of Pu(V) on Savannah River Site sediments.  The 
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oxidation state distribution of plutonium associated with the sediment is found to be nearly 
identical for both batch sorption experiments and X-ray absorption near edge structure 
(XANES) measurements even though the concentration of plutonium in the two 
experiments differs by six orders of magnitude (1.1 x 10-10 M for solvent extraction versus 
2.5 x 10-4 M for XANES).  If disproportionation is the mechanism for Pu(V) reduction to 
Pu(IV), increasing the plutonium concentration would increase the rate of 
disproportionation, thereby increasing the amount of Pu(IV) present at the surface.  A 
higher proportion of Pu(IV) would have been observed in the XANES measurements than 
the batch sorption experiments.  Similar results were observed by Hixon et al.33 for the 
reduction of Pu(V) in the presence of high-purity quartz.  Romanchuk et al.28 observed 
similar sorption behavior in batch sorption experiments containing plutonium 
concentrations differing by five orders of magnitude (3.63 x 10-9 M versus 2.02 x 10-14 M).  
These studies indicate that disproportionation is not a plausible explanation for Pu(V) 
reduction to Pu(IV), although, as mentioned in Section 0, comprehensive studies on the 
exact disproportionation reactions and their associated rates are needed across the pH range. 
Electron shuttling due to the semiconducting properties of the mineral 
Iron (hydr)oxides and manganese oxides minerals are semi-conductors, meaning that the 
valence electrons in these minerals are free to move between atoms in the crystal’s 
conduction band.  The ease with which atoms from the valence bands are promoted to the 
conduction band is based on the energy of the band gap separating the valence and 
conduction bands72.  According to Sherman73, the band gaps of iron (hydr)oxide and 
manganese oxide minerals range from 2.0-2.5 eV and 1.0-1.8 eV, respectively.  Therefore, 
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exposure to sunlight (3.1 eV) may be sufficient to promote electrons from the valence band 
to the conduction band, thereby making them available to facilitate reduction of Pu(V) to 
Pu(IV) at the mineral surface.  This is supported by an increase in the rate of Pu(V) sorption 
to goethite and hematite with light intensity11,22,28 as well as an increase in the sorption of 
238Pu(V) to marine sediments with decreasing wavelength of light irradiation74. 
A second mechanism supporting this hypothesis is that photochemically-induced 
dissolution of Fe(II)/Mn(II) from the mineral structure into the aqueous phase may occur73 
followed by slow oxidation to Fe(III)/Mn(III), such that both oxidation states may be 
present in the aqueous phase.  This leads to the possibility of simultaneous oxidation of 
Pu(V) to Pu(VI) by Fe(III)/Mn(III) and reduction of Pu(V) to Pu(IV) by Fe(II)/Mn(II) and 
may help explain the oxidation of plutonium on manganese minerals observed by several 
researchers12,13,32.  Divalent iron may also be present in the aqueous phase as a result of the 
reductive dissolution of iron oxide minerals75. 
Nernstian favorability of Pu(IV) surface complexes or nanocolloids 
Reduction of Pu(V) may proceed through an energetically-favored reaction where the free 
energy (ΔG) of Pu(IV) surface complexes or surface precipitates is lowered sufficiently to 
raise the reduction potential of the Pu(V)/Pu(IV) couple and favor reduction22,33.  In 
particular, this hypothesis for the surface-mediated reduction of plutonium explains 
observations of plutonium reduction on mineral surface that do not contain an obvious 
electron donor. 
 Hixon et al.33 used this hypothesis to support the observed reduction of aqueous 
Pu(V/VI) to sorbed Pu(IV) in the presence of high-purity quartz and showed, through an 
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example calculation in which Pu(IV) is oxidized by oxygen, that the redox potential of the 
Pu(V)/Pu(IV) couple would need to be raised by only 0.28 V in order for the Pu(IV) surface 
complexes to be thermodynamically favorable.  Further research into this mechanism is 
needed. 
PURE MINERAL PHASES 
This section focuses on the mineralogy and surface properties of pure mineral phases and 
how they influence the mechanisms for the surface-mediated reduction of plutonium.  One 
important component of the mineral-water interface is the source of surface charge on a 
mineral surface (e.g., variable or permanent charge51) and the consequential formation of an 
electrical double layer (EDL).  These topics are outside the scope of this review and the 
reader is referred to Brown et al.10, Sposito51, and Stumm59 for more information. 
In order to fully understand the reactions that occur at the water-mineral interface, 
we must know the types of surface sites present and the site density (i.e., the number of 
surface sites per unit surface area) of each type.  Mineral structures are composed of more 
than one crystal surface, each of which is terminated in a different manner.  This can be seen 
in Table 9, which compares a variety of different metal (hydr)oxide surface species.  The 
coordination of the surface cation affects the formal charge, log K value, and distance of 
cationic charge separation (L), which are all factors that may affect the sorption behavior of 
plutonium.  The log K values are derived from reactions 22-23, where Me is the cation in the 
mineral structure: 
 
 MeOH + H+    MeOH2
+  (22) 
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 MeO-  +  H+      MeOH  (23) 
 
Based on this knowledge, the common notation of  SOH used to describe a sorption site 
technically represents a distribution of surface sites with different terminations.  However, it 
is useful for modeling plutonium sorption because it allows a site density in terms of sites 
per unit area to be easily defined and allows us to quantify the behavior of the entire mineral 
without having to consider specific surface terminations, which would be impractical.  In 
general, 2.3 sites/nm2 is used as a conservative estimate of surface site density76,77; actual site 
densities range from 1.3-22 sites/nm2 depending on the mineral phase77. 
 
Table 9.  The calculated association constants for several important surface reactions 
at various important (hydr)oxides5. 
Surface Groupa Formal Charge log K L (Å)b ≡AlOH -0.5 10.0 2.59 ≡Al2O -1 12.3 2.43 ≡Al2OH 0 -1.5 2.43 ≡Al3O -0.5 2.2 2.49 ≡FeOH -0.5 10.7 2.73 ≡Fe2O -1 13.7 2.58 ≡Fe2OH 0 -0.1 2.58 ≡Fe3O -0.5 4.3 2.66 ≡TiOH -0.3 6.3 2.67 ≡Ti2O -0.6 5.3 2.51 ≡Ti3O 0 -7.5 2.59 ≡SiO -1 11.9 2.32 ≡SiOH 0 -1.9 2.32 ≡Si2O 0 -16.9 2.05 
aThe surface groups presented refer to the most negative group in the reaction.  Hexa-
coordination is assumed for the metal cation in the (hydr)oxides, except for silica. 
bDistance of cationic charge separation. 
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Table 2 presented the points of zero charge (PZC) and BET surface areas for the 
mineral phases used in the plutonium sorption studies presented in Section 0.  Measured 
PZC values vary for a given mineral depending on the method used to determine the PZC, 
the degree of surface hydration, and the identity and concentration of the background 
electrolyte78.  The remainder of this section will focus on the bulk mineralogy and surface 
speciation of these pure mineral phases.  When possible, information regarding surface 
complexation models describing the surface charging of mineral surfaces and spectroscopic 
evidence of surface species is provided.  In cases when this information is not available in 
the literature, it is generally assumed that the mineral surface in aqueous solution resembles 
the bulk structure79,80, with water molecules present to make sure surface cations are 
coordinately saturated.  This approach does not take into account the possibility for surface 
reconstruction or relaxation.  The discussion here is limited to variable-charge minerals; 
layered silicates and clay minerals are outside the scope of this review.  Furthermore, there 
are two ways to model the behavior of variable-charge surfaces: the diffuse double-layer 
model and a discrete bonding model. The reader is referred to McBride78 for a more detailed 
discussion of these methods. 
Carbonate Minerals 
The most common carbonate minerals belong to the rhombohedral or orthorhombic crystal 
systems and have structures with alternating carbonate ions and divalent cations, such as 
calcium, magnesium, and iron81–84.  The bonds between the cations and anions have ionic 
character.  In general, the carbonate minerals have relatively high capacitance values 
compared to oxide minerals85,86.  Because of this, carbonate minerals are known to exhibit 
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high surface charges at values far from the point of zero charge, which leads to a compacted 
electrical double layer85–87. 
 A couple of the hypotheses for the surface-mediated reduction of plutonium are 
improbable as a result of the general structure of carbonate minerals.  Electron transfer via 
ferrous iron or manganese in the mineral structure is unlikely for the calcium and magnesium 
carbonates, but may be important for iron carbonates, such as siderite (FeCO3), manganese 
carbonates, such as rhodochrosite (MnCO3) or Fe/Mn-doped carbonate minerals.  However, 
no studies regarding the sorption behavior of plutonium have been conducted in the 
presence of siderite or rhodochrosite and the discussion of doped minerals and solid 
solutions is outside the scope of this review.  In addition, the carbonate minerals are not 
semiconductors, therefore electron shuttling due to the semiconductor properties of the 
mineral is not likely, although surface impurities could theoretically change the surface 
electronic structure such that electron shuttling may be possible. However, once again, the 
focus of this review is on pure mineral phases. 
 The following subsections will focus on the mineralogy of calcite (CaCO3), dolomite 
(CaMg(CO3)2), and aragonite (CaCO3) because these minerals phases have been used when 
studying plutonium sorption behavior. 
Calc i t e  (CaCO3) 
Calcite has R3c symmetry and is therefore rhombohedral.  Calcium ions have a distorted 
face-centered cubic arrangement and are in octahedral coordination with the carbonate 
groups, which sit at the center of the rhombohedral unit cell and in the middle of each edge.  
The carbonate groups alternate in orientation, leading to a layer-type structure.  While (001), 
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(110), (012), and (104) crystallographic faces have been observed88,89, the (104) face is the 
most abundant and therefore has been intensively studied83,84,89–92. 
 Van Cappellen et al.85 published a thorough surface complexation model describing 
the calcite-aqueous solution interface based on ≡CO3H and ≡CaOH surface species (see 
Table 10).  The model was not restricted to a specific calcite face.  At equilibrium, the model 
indicates that ≡CO3Ca+ is the primary surface species below pH ~7.3; above this pH ≡CO3- 
is the dominant species.  Similarly, ≡CaOH2+ is the primary calcium surface species below 
pH ~1, after which ≡CaCO3_ predominates;  ≡CaHCO3 may also be an important species.  
The high resolution in situ X-ray reflectivity measurements of Fenter et al.90 generally support 
this model with one exception—the presence of ≡CO3Ca+ was not detected at pH 6.8.  This 
may indicate that the log K value proposed by Van Cappellen et al.85 is not accurate. 
Pokrovsky and coworkers93,94 used diffuse reflectance infrared (DRIFT) spectroscopy 
and electrophoretic measurements to refine the Van Cappellen et al.85 surface complexation 
model for calcite.  As seen in Table 10, only minor adjustments to the log K values were 
required.  Although the log K value for the formation of ≡CO3Ca+ is similar to that 
proposed by Van Cappellen et al.85, this surface species was not observed in the DRIFT 
spectra of Pokrovsky et al.93.  However, both Pokrovsky et al.93 and Pokrovsky and Schott94 
hypothesize that the calcium ion associates with the carbonate-terminated surface as an 
outer-sphere complex, which may explain why the ≡CO3Ca+ species was not observed by 
either X-ray reflectivity measurements90 or DRIFT spectroscopy93. 
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Table 10. Surface complexation reactions for calcite and the associated intrinsic 
stability constants (Log K0int) determined by Van Cappellen e t  a l .
85 and Pokrovsky e t  
a l . 93. 
Surface reaction 
Van Cappellen  et al.85 
Log K0int 
Pokrovsky et 
al.86,93  
Log K0int ≡CO3H ↔ ≡CO3- + H+ -4.9 -5.1 ≡CO3H + Ca+2 ↔ ≡CO3Ca+ + H+ -2.8 -1.7 ≡CaOH2+ ↔ ≡CaOH + H+ -12.2 -11.5 ≡CaOH ↔ ≡CaO- + H+ -17 -12 ≡CaOH + CO2 ↔ ≡CaHCO3 6.0 5.4 ≡CaOH + CO2 ↔ ≡CaCO3- + H+ -2.6 -1.05 
 
Dolomite  (CaMg(CO3)2)  
Dolomite is isostructural with calcite, where every other calcium layer is replaced by 
magnesium.  This leads to two surface sites along the (104) face92: ≡CaCO3 and ≡MgCO3. 
 Pokrovsky et al.86 proposed a surface complexation model for dolomite based on 
surface titrations and electrokinetic measurements.  The log K values, shown in Table 11, are 
very similar to those determined independently for calcite (see Table 10) and magnesite 
(MgCO3).  The model predicts that ≡CO3H will be the dominant carbonate surface species 
below pH ~4.5.  At higher pH values, ≡CO3- dominates, but ≡CO3Ca+ and ≡CO3Mg+ are 
also present.  The predominant metal surface site is ≡MeOH2+ (where Me represents Ca+2 or 
Mg+2) until pH ~8.5.  Above this pH, ≡MeCO3- is the major surface species, although ≡MeHCO3 may also be an important surface species. 
 The XPS studies of Gopinath et al.95 indicate that the surface composition of a 
natural dolomite sample was 15.0 at% Ca, 5.0 at% Mg, 18.2 at% C, and 61.8 at% O.  
Therefore, the Ca/Mg ratio is 3, which suggests that the dolomite surface would have more 
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Table 11. Surface complexation reactions for dolomite and the associated intrinsic 
stability constants (Log K0int) for calcium and magnesium determined by Pokrovsky 
e t  a l . 86. 
Surface reaction Ca Mg ≡CO3H ↔ ≡CO3- + H+ -4.8 
± 
0.2 
-4.8 
± 
0.2 ≡CO3H + Me+2 ↔ ≡CO3Me+ + H+ -1.8 
± 
0.2 
-2.0 
± 
0.2 ≡MeOH ↔ ≡MeO- + H+ -12 
± 2 
-12 
± 2 ≡MeOH2+ ↔ ≡MeOH + H+ -11.5 
± 
0.2 
-
10.6 
± 
0.2 ≡MeOH + CO2 ↔ ≡MeHCO3 5.9 
± 
0.5 
5.4 
± 
0.5 ≡MeOH + CO2 ↔ ≡MeCO3- + H+ -1.6 
± 
0.2 
-2.8 
± 
0.2 
 ≡CaOH2+ or ≡CaCO3- groups than ≡MgOH2+ or ≡MgCO3- groups.  This does not agree 
with the Pokrovsky et al.86 surface complexation model, which predicts a higher surface 
concentration of magnesium binding sites than calcium binding sites. 
Aragonite  (CaCO3) 
Aragonite belongs to the orthorhombic crystal structure and is metastable with respect to 
calcite.  Calcium ions are coordinated nine-fold to oxygen atoms from six different 
carbonate groups96.  Three carbonate groups lie in the plane above the calcium ion and three 
carbonate groups lie in the plane below the calcium ion; the carbonate groups face opposite 
directions.  Common aragonite faces include (010), (011), and (110)83.  The (010) and (110) 
faces are common cleavage planes while twinning occurs readily along the (110) plane83.  The 
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cleavage faces can be either calcium- or carbonate-terminated, with the calcium termination 
being more energetically favorable due to relaxation of the carbonate groups at the surface83.  
However, Gopinath et al.95 suggested that the surface of aragonite is dominated by carbonate 
based on the results of X-ray photoelectron spectroscopy (XPS).  Specifically, the surface 
composition was determined to be 15.5 at% Ca, 18.7 at% C, and 65.8 at% O.  de Leeuw and 
Parker83 observed that water molecules form hydrogen bonds with surface oxygens, forming 
a bridge over calcium vacancies that are formed during cleavage along the (110) face.  This 
results in a Ca-O distance of 2.53 Å; short hydrogen bonds have lengths of 1.51 and 1.56 Å. 
 Despite the fact that calcite and aragonite belong to two different crystal systems, it 
is generally assumed that the surface binding sites are similar because the two minerals are 
polymorphs.  Because of this assumption, no surface complexation models or spectroscopy 
results have been published describing the surface binding sites on aragonite. 
Iron (oxyhydr)oxide Minerals 
Iron (oxydyr)oxide minerals are the most abundant metal oxide minerals in soils75 and exist 
in the environment as a result of the oxidation and reduction cycle of Fe(III) and Fe(II)82.  
Under oxidizing conditions, goethite, hematite, maghemite, and limonite form, while 
reducing conditions may lead to the formation of magnetite.  The basic structural unit for 
iron (oxydydr)oxide minerals is the iron octahedron, where one iron atom is coordinated to 
six oxygen atoms or hydroxide ions.  The arrangement of these iron octahedra differs for 
each iron (oxyhydr)oxide mineral75.  For example, iron is found in both octahedral and 
tetrahedral coordination in the magnetite structure. 
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Of the hypotheses for the surface-mediated reduction of plutonium presented in 
Section 3, electron transfer via ferrous iron in the mineral structure and electron shuttling 
due to the semiconductor properties of the mineral are most relevant for the iron 
(oxyhydr)oxide minerals.  This is largely due to the paramagnetic properties of the Fe+3 ion.  
Hematite and goethite are antiferromagnetic semiconductors with band gaps of 
approximately 2.2 eV, whereas magnetite is ferromagnetic with a significantly smaller band 
gap of 0.10 eV97–100.  Although the charge transfer reactions of the iron (oxyhydr)oxide 
minerals is not well understood, the electron transfer hypothesis is supported by microbial 
studies101–105.  For example, certain bacterial strains are able to couple the oxidation of 
organic matter to the reduction of Fe(III) to Fe(II)98,102–104. 
The following subsections will focus on the mineralogy of goethite (α-FeOOH), 
hematite (α-Fe2O3), and magnetite (Fe3O4) because these mineral phases have been used 
when studying plutonium sorption behavior (see Section 0). 
Goethi te  (α-Fe IIIO(OH)) 
Goethite is the most common mineral of the iron (oxyhydr)oxide group and is stable under 
oxidizing conditions82.  It has a hexagonally close-packed structure with iron atoms 
occupying half of the octahedral spaces98,106.  As shown in Figure 6, the FeO6 octahedra form 
double Fe-O-OH chains that are bound to adjacent double chains through Fe-O-Fe and 
hydrogen bonds75. 
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Figure 6. Goethite structure51. 
 
 Barron and Torrent107 studied the surface hydroxyl configuration of the {100}, 
{010}, {110}, and {021} faces of goethite (see Table 12).  Because these results do not take 
into consideration surface relaxation, the actual surface hydroxyl configuration may be 
different.  The last column of Table 12, contiguous singly coordinated hydroxyl groups, is 
important when anionic aqueous species are present.  It is also important to note that not all 
hydroxyl groups of the same coordination (e.g., not all singly-coordinated groups) will have 
the same reactivity on each face due to the varying distances of these hydroxyl groups from 
the surface.  This may explain why there is no agreement as to which face of goethite is the 
most dominant face98,106,107. 
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Table 12. Surface hydroxyl configuration of the {100}, {010}, {110}, and {021} faces of 
goethite107. 
Face 
Singly 
coordinated 
(groups nm-2) 
Doubly 
coordinated 
(groups nm-2) 
Triply 
coordinated 
(groups nm-2) 
Contiguous 
singly 
coordinated 
(groups nm-2) 
{100} 3.3 3.3 6.7 1.7 
{010} 7.2 7.2  3.6 
{110} 3.0 3.0 9.1 1.5 
{021} 8.2 8.2  4.1 
 
Hemati te  ( -Fe2
IIIO3)  
Hematite results from the weathering of iron-bearing minerals in the soil and, like goethite, is 
stable under oxidizing conditions82.  The hexagonally close-packed arrangement contains 
iron atoms in two-thirds of the octahedral sites75.  Occupied octahedral sites share two 
oxygens within the layer; three oxygen atoms are shared between layers. 
The protonation and deprotonation properties of the hematite surface will depend 
upon which hematite face is being considered.  The log K values for the protonation of 
hematite surface groups is expected to follow the trend =Fe3OH < =Fe2OH < =FeOH, as 
in lepidocrocite ( -FeOOH), a polymorph of goethite108.  The log K values affect which 
sites will be available for plutonium sorption at a given pH and are thus important in relating 
hematite mineralogy to plutonium sorption behavior. 
Table 13 shows the surface hydroxyl configuration of the {100}, {110}, {012}, 
{104}, {018}, {113}, and {001} faces of hematite, as determined by Barron and Torrent107.  
As discussed with goethite above, because these results do not take into consideration 
surface relaxation, the actual surface hydroxyl configuration may be different.  The last 
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column of Table 13, contiguous singly coordinated hydroxyl groups, is important when 
anionic aqueous species are present.  It is also important to note that not all hydroxyl groups 
of the same coordination (e.g., not all singly-coordinated groups) will have the same reactivity 
on each face due to the varying distances of these hydroxyl groups from the surface.  As can 
be seen when comparing the data in Table 12 and Table 13, the hydroxyl density on the 
faces of goethite and hematite are different, which could potentially lead to a difference in 
sorption behavior.  The most common faces of goethite are the {010} and {100} due to 
perfect and less perfect cleavage whereas the most common faces of hematite are {001} and 
{101} due to twinning, so it is most useful to compare these faces.  The {001} face of 
hematite contains only doubly-coordinated hydroxyl groups, and a high concentration of 
them (13.7 groups nm-2), the {100} face of goethite contains all three types of coordinated 
hydroxyl groups, and the {010} face of goethite contains singly- and doubly-coordinated 
hydroxyl groups.   
Many studies have been performed to determine the surface structure of the (001) face of 
hematite.  Under most conditions, an iron termination is expected109,110, which explains the 
lack of singly and triply coordinated hydroxyl groups as well as contiguous singly 
coordinated hydroxyl groups in the study conducted by Barron and Torrent107.   
However, several studies have also observed oxygen termination at the surface, presumably 
due to the dissolution of iron from the mineral surface111–113.  These studies include scanning 
tunneling microscopy (STM)111–113, spin-density functional theory111, and resonant tunneling 
model (RTM) ab initio calculations113. 
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Table 13. Surface hydroxyl configuration of selected faces of hematite107. 
Face 
Singly 
coordinated 
(groups nm-2) 
Doubly 
coordinated 
(groups nm-2) 
Triply 
coordinated 
(groups nm-2) 
Contiguous 
singly 
coordinated 
(groups nm-2) 
{100} 5.8 2.9  2.9 
{010} 5.0 5.0 5.0 2.5 
{012} 7.3  7.3 3.7 
{104} 5.3 5.3 5.3  
{018}  6.3 3.2  
{113} 4.1 4.1 8.3 3.1 
{001}  13.7   
 
Magnet i t e  (FeIIFe2
IIIO4)  
Magnetite has a cubic inverse spinel structure where one-third of the iron is Fe(II) and two-
thirds of the iron is Fe(III).  The divalent iron occupies octahedral sites and the ferric iron is 
split between octahedral and tetrahedral sites75,98,114.  The Fe+3 3d electrons are aligned 
antiferromagnetically and the Fe+2 3d electrons are aligned ferromagnetically, leading to an 
overall ferromagnetic structure98,114. 
 The dominant magnetite face is (111), which has six possible terminations in a 
vacuum, as shown in Figure 7: (a) aO3-
aO1-
oh1Fe3, (b) 
oh1Fe3, (c) 
bO1-
bO3-
td1Fe1-
td2Fe1, (d) 
td1Fe1-
oh2Fe1-
td2Fe1, (e) 
oh2Fe1-
td2Fe1, and (f) 
td2Fe1 where the superscripts describe the lattice site 
within the unit cell; a are the top oxygen layers and b are the second oxygen layers, oh1 is the 
layer of octahedral iron lattice sites with oxygen layers above and below, td1 is the top layer 
of tetrahedral iron lattice sites, oh2 is the layer of octahedral iron lattice sites with tetrahedral 
iron lattice sites above and below, and td2 is the bottom layer of tetrahedral iron lattice sites.  
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The subscripts 1 and 3 denote how many atoms are specific to that lattice site114.  Surfaces a 
and c are oxygen-terminated, surface b is terminated by octahedral-iron, surfaces d and e are 
mixed-iron terminated, and surface f is terminated by tetrahedral-iron.  In the presence of 
water oxygen-terminated surfaces are expected to be the dominant termination because of 
their propensity to protonate and neutralize the surface charge.  This is supported by the 
work of Berdunov et al.115, who used spin-polarized STM to infer an oxygen-terminated 
surface with oxygen vacancies on the magnetite (111) surface. 
Manganese Oxide and Hydroxide Minerals 
Manganese oxide and hydroxide minerals are found in natural environment as nodules or 
concretions in sedimentary rock, or as particle coatings in soil horizons.  Generally, they are 
found associated with iron (oxyhydr)oxide minerals82.  The most common manganese 
minerals are birnessite [(Na, Ca)0.5(Mn
IV, MnIII)2O4•1.5H2O] and vernadite  
[(MnIV, FeIII, Ca, Na)(O, OH)2•nH2O] while pyrolusite [Mn
IVO2], manganite [Mn
IIIO(OH)], 
and hausmannite [MnII (MnIII)2O4] are relatively rare
116,117. 
 Most manganese oxide and hydroxide mineral structures are built upon MnO6 
octahedra and can be grouped into two structural families: tunnels and sheets79,117.  The 
oxidation state of manganese can range from Mn(II) to Mn(IV) depending upon the EH and 
pH of the system.  Changes in oxidation state can occur79, thereby providing a mechanism to 
facilitate the reduction of plutonium.  In addition, many of the minerals are semiconductors, 
and are therefore able to facilitate the reduction of plutonium through electron shuttling (see 
Section 0).  The band gaps of these minerals are summarized in Table 14. 
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Figure 7. Space-filled representation of the possible surface terminations for the 
Fe3O4 (111) unit cell showing all the atoms available as top-most layers of atoms are 
removed (a) aO3-
aO1-
oh1Fe3, (b) 
oh1Fe3, (c) 
bO1-
bO3-
td1Fe1-
td2Fe1, (d) 
td1Fe1-
oh2Fe1-
td2Fe1, (e) 
oh2Fe1-
td2Fe1, and (f) 
td2Fe1 where the oxygen atoms are the large spheres (red) and the 
iron atoms are the small spheres (gray).  The topmost atoms are in a lighter shade of 
red or grey, and the lower atoms are in a darker shade of red or grey114.  Refer to the 
text for superscript and subscript descriptions. 
 
 
 
 
surfaces [44,46–49] have shown at lower coverages of water there is
extensive heterolytic dissociative chemisorption of H2O primarily at
oxygenvacancydefect sites. At these sites, theunsaturated Fecationacts
as a Lewis acid and ttracts th lone p ir electrons of thewatermolecule
resulting in the mixing of the Fe 3d and O 2p states, while neighboring
surface oxygen can act as a BrØnsted base attracting the water proton,
promoting dissociation. At higher water exposures, sorption occurs at
terrace sites, and the amount of surface hydroxylation is proportional to
the number of available irons on the surface [47,48]. Analysis of
photoelectron spectra also shows the occurrence hydroxylation several
layers into the bulk (∼8 Å) implying surface hydroxylation is not just a
surface phenomenon [44]. In hydrated environments, the oxygen
octahedral-iron termination (aO3–aO1–oh1Fe3–bO1–bO3–td1Fe1–oh2Fe1–
td2Fe1–R) and the oxygen mixed-iron termination (bO1–bO3–td1Fe1–
oh2Fe1–td2Fe1–aO3–aO1–oh1Fe3–R) are expected to be more stable than
their metal terminated counterparts due to the filling of the oxygen
lattice sites through reaction with adsorbed water molecules, resulting
in a hydro-oxo terminated surface. Furthermore, in aqueous systems
magnetite surfaces can undergo oxidative topotatic growth and
reductive dissolution resulting in a number of other possible surface
stoichiometries.
Previous UHV and computational studies are limited in their ability
to study magnetite surface structures under industrial and environ-
mentally relevant conditions, in particular, under conditions of bulk
water interaction with the surfaces [50,51]. Howeve , X-ray scattering
techniques are both highly sensitive to the molecular structure of an
interface and can be used to study surfaces under high pressure
conditions, or in bulk fluid due to the high penetrating power X-rays.
The measured scattered intensity of the crystal truncation rod (CTR)
signal is dependent on the structure factor of the surface unit cell of
the prevalent terminating structure of the substrate [52–57] where
the substrate–water interfacial structure [58,59], the surface relaxa-
tions and roughness [52,60], and the bonding sites of sorbed species
[59,61] including possible protonation states [56,62–65] can be
identified [52,54]. Weaknesses of the CTR method result from the
limited sensitivity to the scattering of low Z elements, especially
hydrogen, and disordered components within the interface including
physisorbed water. However, complementary theoretical calculations
can be used to assist in the identification of hydroxylation and
interfacial structure [56,62,63].
We have used crystal truncation rod (CTR) diffraction to determine
the surface structure of the chemically mechanically polished (CMP)
Fig. 2. Space filled representation of the possible surface terminations for the Fe3O4(111) unit cell showing all the atoms available as top-most layers of atoms are removed (a) aO3–
aO1–oh1Fe3, (b) oh1Fe3, (c) bO1–bO3–td1Fe1–oh2Fe1–td2Fe1, (d) td1Fe1–oh2Fe1–td2Fe1, (e) oh2Fe1–td2Fe1, and (f) td2Fe1 where the oxygen atoms are the large spheres (red) and the iron
atoms are the small spheres (gray). The topmost atoms are in a lighter shade of red or grey, and the lower atoms are in a darker shade of red or grey.
1084 S.C. Petitto et al. / Surface Science 604 (2010) 1082–1093
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Table 14.  Band gaps for manganese (hydr)oxide minerals. 
Mineral Band 
gap (eV) 
Reference 
Na-Birnessite 1.8 Sherman73 
Cryptomelane 1.2 Sherman73 
Hausmannite ~2.5 Tian et al.118; Dubal et al.119 
Manganite 1.0 Sun et al.120 
Pyrolusite 1.0 Sherman73 
 
Birness i t e  [ (Na, Ca)0.5(Mn
IV, MnIII) 2O4•1.5H2O] 
Birnessite refers to a family of manganese oxides sometimes referred to as δ-MnO2.  They 
have a monoclinic crystal structure and belong to space group C2/m.  A layered structure is 
formed by edge-sharing of MnIVO6 octahedra.  Water molecules and counter-ions are found 
between the layers, yielding a layer spacing of 7-10 Å121–123.  Substitution of Mn+3 for Mn+4 is 
the main source of negative charge124,125, which can approach -0.33 v.u. per O2
121,124.  
Although debated in the literature, vacancies in the MnO6 layer may also contribute to the 
negative charge of birnessite116,121,124,126,127.  It is important to note that the mineral itself does 
not have a negative charge; it is the layers that carry a charge.  This explains the need for 
mono- or divalent counterions. 
 Interestingly, the method used to synthesize birnessite may affect the amount of each 
manganese oxidation state that is present, and therefore the layer charge of the 
mineral121,128,129.  Synthesis of birnessite from MnO4
- can yield an oxygen to manganese ratio 
greater than 1.90121.  This yields a doubly-charged sorption site consisting of three oxygens 
around an octahedral vacancy121,124.  Preparation of birnessite from Mn(OH)2 solutions or 
solid Mn3O4 results in a mixed Mn(III)/Mn(IV) mineral phase
129.  Acid washing targets 
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octahedral Mn(III), which can either enter the interlayer space, oxidize to Mn(IV), or 
disproportionate to Mn(IV) and Mn(II).  Mn(II/III) in the interlayer space is generally 
associated with structural oxygens121,126. 
Several surface-complexation models have been successful in describing the surface 
charging of birnessite121,130–132.  Catts and Langmuir130 used an electrical double layer model to 
describe the surface charge of birnessite.  The first and second layer capacitances were 240 
µF/cm2 and 20 µF/cm2, respectively.  While both the deprotonation of  SOH and ion-pair 
formation (e.g.  SO-Na+) were included, only the contribution of the  SO-Na+ formation 
reaction was needed to describe the surface charge from pH 2-9.  The log K value associated 
with the formation reaction was -3.5.  An interesting aspect of the model used by Catts and 
Langmuir130 is that a very large surface site concentration, 18 sites/nm2, was required. 
  Appelo and Postma121 used a diprotic site model to describe divalent metal sorption 
to birnessite.  The surface complexation model is based on reactions 24-28: 
 
 SO3H2  +  H+  ↔  SO3H3+  log K = 1.84  (24) ≡SO3H2  ↔  SO3H-  +  H+          log K = -2.41 (25) 
 SO3H
-  ↔  SO3-2  +  H+                       log K = -5.54  (26) 
 SO3
-2  +  M+m  ↔  SO3M+(m-2)  (27) 
 SO3H
-  +  M+m  ↔  SO3HM+(m-1)  (28) 
 
The log K value for reaction 27 ranged from 2.03 – 5.98, depending on the cation, M+m (e.g., 
Na+, K+, Mg+2, Ca+2, Sr+2, Ba+2, Mn+2), and the log K value for reaction 28 ranged from 1.00 
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– 5.58 for the same cations.  The diprotic site surface complexation model was able to 
predict column experiments using chloride, calcium, and magnesium. 
The published surface-complexation reactions for birnessite described above were 
developed in the 1980s and early 1990s whereas the full structure and surface properties of 
birnessite weren’t fully understood until the 1990s.  Therefore, the development of a surface-
complexation model for birnessite that takes into consideration its crystal structure is an area 
of potential future research. 
Cryptomelane [K1-1.5(Mn
IV, MnIII) 8O16] 
Cryptomelane refers to a family of manganese oxides sometimes referred to as α-MnO2.  
They have a monoclinic crystal structure and belong to space group I2/m.  A tunnel 
structure is formed through the corner sharing of double chains of MnO6 octahedra. 
Vacancies or substitution of Mn+3 for Mn+4 gives the tunnel walls a negative charge.  
Counter-ions sit in the tunnel cavity, which is approximately 4.6 Å in diameter117, and are 
believed to coordinate with structural oxygen in the tunnel wall (e.g. positions i, iii, vi, and vii 
in Figure 8)117,133. 
 Webb et al.134 determined the potential binding sites for uranium (as uranyl) on 
todorokite, a variation of  -MnO2 (Figure 8).  The best fit for EXAFS data was the 
tridentate complex (site vii in Figure 8) located in the corner of the manganese tunnel.  While 
cryptomelane consists of double chains of MnO6 octahedra and forms [2 x 2] tunnels, 
todorokite is constructed of triple chains of MnO6 octahedra that form [3 x 3] tunnels.  
Because the structures of cryptomelane and todorokite are so similar, the potential binding 
sites for actinide ions may also be similar.  Randall et al.117 used EXAFS to study cadmium  
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Figure 8. Potential binding sites for uranyl in a tunnel structured manganite.  
Positions I, ii, are monodentate, positions iii-vi are bidentate, and position vii is 
tridentate. 
 
sorption to cyrpotmelane and found that cadmium was sorbed in the tunnels of 
cryptomelane as a partially hydrated species.  The amount of potassium in solution did not 
increase, suggesting that sorption, rather than ion exchange, was the dominant mechanism 
for removal of cadmium from the aqueous phase.  These two studies indicate that cation 
sorption to cryptomelane will occur in the tunnel of the structure as opposed to the basal 
plane. 
Hausmannite  [MnII(MnIII) 2O4] 
Hausmannite is a mixed manganese oxide found in the vadose zone at the Hanford site25, 
and is thus important for studying the long-term disposal of nuclear waste.  However, 
because it is relatively rare in comparison to other manganese minerals, little information is 
available in the literature regarding its mineralogy.  Hausmannite is tetragonal and belongs to 
tridentate complex (model vii),where theuranyl shares three
equatorial oxygens with the Mn tunnel framework in a
n planar arrang ment.
The data do not exclude the mutual presence of both
surface complexes and tunnel-bound U complexes. To the
contrary, as supported by the linear combination results, it
is likely that both types f coordination enviro ment occur
in the samples, particularly at higher U(VI) concentrations,
as in samples E-G. Thus, the todorokite U EXAFS model
(sample G) was subsequently combined with a fraction of
b dentate surface complexes obs rved in samples A-C, and
all paths were simultaneously refined (Table 2). The best fit
to the data was found to have 90% of the uranyl present
representedby the tunnel-bounduranyl-carbonate complex
coordination environment, whereas the remaining 10% of
the uranyl was present as the bidentate ternary surface
complex.
Fits to samples D-F using this EXAFS model show that
the EXAFS data at the intermediate concentration regions
are accurately described by a transition from uranyl surface
complexation, developing into dominantly tunnel corner-
site complexation. Additionally, the proportions of each
coordination type determined from the direct shell-by-shell
fitting (ftun and fbid in Table 2) are in reasonable agreement
with the linear least-squares fitting results.
Implications of Structural Determinations. The mea-
surements herein show that both theU(VI) coordination and
Mn oxide structure change in response to increasing U(VI)
concentrations.All the techniquesutilizedshowthat theonset
of the transition takes place at approximately 2.6 mol % U
(4 µM). At lower uranyl concentrations, the dominant form
of manganese oxide is a poorly ordered, layer hexagonal
manganate structure to which uranyl is adsorbed onto the
oxide surfaces,most likely at edge sites, as a ternary carbonate
complex, coordinated to the oxide in a bidentate fashion. A
representation of U(VI) in this type of binding complex is
shown inFigure 5b. At these concentrations theuranyl binds
to th Mn oxide surface in a manner very similar to the case
of adsorption on iron oxides (11).
At higher U(VI) concentrations, the Mn oxides exhibit
lower apparentoccupancies and larger out-of-planebending
angles along both the a and the b axes. Additionally, the
oxides 001basal plane reflections of theXRDdatamove from
7.5 toward9.8Å. Theseobservations suggest a transformation
of themanganese oxide to a pseudo-tunnel structure similar
to todorokite. The breadth of the XRD peaks and the low
EXAFS derived occupancies indicate the material is not a
well-ordered 3 × 3 tunnel todorokite. It is more likely that
the structure is nanoparticulate 3 × n, where the distance
between stacking layers is consistent at 3 octahedra (9.8 Å)
and is only one unit cell high, with a variable horizontal
spacing. Natural todorokites have been observed to show a
mixture of birnessite-todorokite structural characteristics
(41), as well as variable tunnel dimensions (56). By analogy,
TABLE 2. Major Parameters Derived from Shell-by-Shell Fitting of U L-edge EXAFSa
carbonate bidentate tunnel Mn atom shells
sample Oax Oeq C Mn CN)1 Mn1 CN)1 Mn2 CN)1 Mn3 CN)1 Mn4 CN)2 Mn5 CN)2
B
CN 2 6 1.9 (5) fbid ) 1.00 ftun ) 0.00
R (Å) 1.75 (1) 2.28 (2) 2.90 (6) 3.21 (5)
σ2 (Å2) 0.003 (1) 0.015 0.004 0.013 (5)
C
CN 2 3.4 (3) 3.2 (4) 0.9 (2) fbid ) 1.00 ftun ) 0.00
R (Å) 1.78 (1) 2.27 (1) 2.42 (2) 2.86 (4) 3.33 (4)
σ2 (Å2) 0.003 (1) 0.01 0.004 0.018 (5)
D
CN 2 4.3 (5) 2.4 (3) 0.9 (3) fbid ) 1.00 ftun ) 0.00
σ2 (Å2) 1.79 (1) 2.33 (1) 2.52 (1) 2.90 (6) 3.39 (6)
R (Å) 0.003 (1) 0.01 0.004 0.014 (3)
E
CN 2 3.8 (5) 2.1 (3) 1.0 (1) fbid ) 0.89 (3) ftun ) 0.11 (3)
R (Å) 1.80 (1) 2.29 (1) 2.46 (1) 2.95 (3) 3.41 (2) 3.05 (9) 3.17 (7) 3.32 (9) 3.5 (1) 3.91 (3)
σ2 (Å2) 0.003 (1) 0.01 0.004 0.019 (8) 0.01 0.007 0.007 0.015 0.015
F
CN 2 3.5 (6) 2.3 (4) 0.7 (2) fbid ) 0.37 (7) ftun ) 0.63 (7)
R (Å) 1.80 (1) 2.27 (1) 2.45 (1) 2.83 (2) 3.40 (4) 3.14 (9) 3.22 (6) 3.37 (7) 3.5 (1) 4.09 (6)
σ2 (Å2) 0.003 (1) 0.01 0.004 0.020 (7) 0.01 0.007 0.007 0.015 0.015
G
CN 2 3.1 (5) 2.5 (6) 1.1 (1) fbid ) 0.06 (5) ftun ) 0.94 (5)
R (Å) 1.80 (1) 2.30 (1) 2.49 (2) 2.85 (1) 3.4 (1) 3.13 (4) 3.25 (4) 3.41 (4) 3.5 (1) 4.00 (3)
σ2 (Å2) 0.004 (1) 0.01 0.004 0.02 (1) 0.01 0.007 0.007 0.015 0.015
a The ftun and fbid parameters are defined respectively as the proportion of U bound in tunnels or as bidentate surface complexes.
FIGURE 5. (a) Potential binding sites for uranyl in a tunnel structured manganate. Positions i, ii are monodentate, positions iii-vi are
bidentate, and position vii is tridentate. (b) Bidentate binding onto edge sites on phyllomanganates. (c) Tridentate binding in corners of
pseudo-tunnel manganates.
VOL. 40, NO. 3, 2006 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 775
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the I41/amd space group.  It has a spinel structure with Mn
+2 in the tetrahedral sites and Mn+3 
in the octahedral sites.  The lack of information about hausmannite in the literature limits the 
ability to develop surface-complexation models describing cation interactions with the 
surface and is therefore an area of potential future research. 
Manganite  (MnIIIOOH) 
Manganite is the stable polymorph of manganese oxyhydroxide-- the others being 
feitknechtite and groutite-- and is commonly referred to as γ-MnOOH.  It has a monoclinic 
or pseudo-orthorhombic crystal structure and belongs to space group B21/d.  The (010) 
plane exhibits perfect cleavage and is the predominant crystal face79,135.  The (010) surface 
contains singly-coordinated oxygen and hydroxide groups, doubly-coordinated oxygens, and 
triply-coordinated oxygens; the singly-coordinated oxygen and hydroxide groups are 
assumed to be the most reactive79.  The density of singly-coordinated oxygen groups was 
determined to be 7.9 groups per square nanometer (13 µmol/m2)79. 
Ramstedt79 used a combination of X-ray photoelectron spectroscopy (XPS), 
extended X-ray absorption fine structure (EXAFS) spectroscopy, fourier-transform infrared 
(FTIR) spectroscopy, atomic force microscopy (AFM), scanning electron microscopy 
(SEM), and X-ray diffraction (XRD) to develop a 1-pKa acid-base surface complexation 
model for manganite above pH 6.  The reactions included in the model are shown as 
reactions 29-30. 
 
 MnOH2
+0.5    MnOH-0.5 + H+   log B0 (intr.) = -8.20 (29) 
 MnOH2
+0.5 + Na+    MnOHNa+0.5 + H+  log B0 (intr.) = -9.64 (30) 
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Below pH 6, manganite dissolves and undergoes disproportionation according to reaction 
3179,136, where β-MnO2 refers to the formation of pyrolusite, a Mn(IV) mineral. 
 
2  -MnOOH + 2H+    -MnO2 + Mn
+2+ 2H2O log K = 7.61 ± 0.10  (31) 
 
 Studies using EXAFS to investigate zinc137 and cadmium138 sorption to manganite 
show that these elements form edge-sharing complexes with MnO6 octahedra on the 
pyrolusite surface.  A corner-sharing complex with the MnO6 octahedra was also proposed, 
but determined to be less energetically favorable than an edge-sharing surface complex. 
Pyrolusi t e  (MnIVO2) 
Pyrolusite is the most stable form of MnO2 and is polymorphic with akhtenskite and 
ramsdellite.  It is commonly referred to as β-MnO2.  It has a tetragonal crystal structure and 
belongs to the space group P42/mnm.  Edge-sharing MnO6 octrahedra form single chains, 
which are linked together through corner-sharing between oxygens of adjacent 
octahedra79,116. 
 There is no data in the literature investigating either the surface speciation of 
pyrolusite or any attempts to model the surface charging of the mineral in support of 
surface-complexation models.  Therefore, this is an area of potential future research. 
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Silicate Minerals 
Silica and silicate minerals are prevalent in the environment as a result of both natural 
processes and engineered systems.  Approximately 90% of the minerals in the Earth’s crust 
are silicate minerals 82,139, with quartz alone comprising 12% of crustal material139. 
The most basic unit of all silicate minerals is the silicon tetrahedron, SiO4
-4, in which 
Si+4 sits in the center of a tetrahedral polyhedron formed by four O-2 anions.  This 
arrangement allows oxygen atoms to be shared between adjacent tetrahedra.  The 
classification of silicate minerals is based on this sharing of oxygen atoms. 
Silicate minerals are insulators and trace metals such as iron and manganese, which 
can facilitate electron shuttling and electron transfer mechanisms, are not present in pure 
specimens.  Therefore, based on the hypotheses for the surface-mediated reduction of 
plutonium discussed in Section 0, reduction of plutonium in these systems is due to either 
radiolysis, Pu(V) disproportionation, or a thermodynamic favorability of sorbed Pu(IV) 
hydrolysis products. 
Clinopt i lo l i t e  ( (Na3K3)(Al6Si30O72)•24H2O) 
Clinoptilolite is classified as a framework silicate, meaning all four oxygens in a silicon 
tetrahedron are shared forming a three-dimensional framework structure.  Some of the 
silicon is substituted with aluminum, creating a negative charge, which is balanced by sodium 
and potassium.  The three dimensional structure of clinoptilolite is based on layers of linked 
SiO4 and AlO4 tetrahedral rings
140,141.  The sodium and potassium ions are easily 
exchangeable, leading to a cation exchange capacity (CEC) in the range of 200-300 cmol kg-1 
141.  
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Quartz (SiO2) 
Quartz, SiO2, is a framework silicate in which silicon tetrahedra are linked in spiral-like 
chains forming a hexagonal structure142.  The surface is hydroxylated and therefore 
dominated by silanol, =SiOH, groups.  These groups are weakly acidic, as indicated by a pKa 
of 6.8139.  The important acid-base reactions for surface complex formation on quartz are 
shown in Table 15.  The model used to determine the pKa values was not stated by Dove 
and Rimstidt139, but because of the way the surface complexation reactions are written for 
sodium and chloride, the reactions appear consistent with a triple-layer model, though the 
capacitances of the first and second layers are not provided. 
Schlegel et al.143 used high-resolution X-ray reflectivity to study the (101) and (100) 
quartz-water interfaces.  They were able to infer the presence of surface oxygens on both 
terminations.  These surface oxygens are assumed to be from silanol groups in which a 
hydroxylated oxygen is bound to one silicon atom.  This agrees with bond valence 
calculations80.  Although these silanol oxygens represent a maximum in electron density, 
most form three chemical bonds with tetrahedral units in the bulk structure, which increases 
steric affects and decreases chemical reactivity. 
 
Table 15.  Acid-base quartz surface complex reactions and corresponding association 
constants at 25°C139 (Dove and Rimstidt, 1994). 
Reaction pKa ≡ SiOH   ↔  ≡ SiO! + H! 6.8 ≡ SiOH+   Na! ↔  ≡ SiO− Na! + H! 7.1 ≡ SiOH!! ↔  ≡ SiOH+   H! 2.3 ≡ SiOH+   H! + Cl! ↔  ≡ SiOH!Cl 6.4 
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Other Pure Mineral Phases 
Bruci te  (Mg(OH)2) 
Brucite results from the hydroxylation of periclase (MgO), which is used as a backfill 
material at the Waste Isolation Pilot Plant (WIPP).  It has a hexagonal crystal structure and 
belongs to space group P3m1.  Magnesium ions are in octahedral coordination with hydroxyl 
groups; edge sharing of these octahedral groups leads to a layered structure144.   
Pokrovsky and Schott145 used a single site, two-pK surface complexation model to 
describe brucite surface speciation.  The model parameters are displayed in Table 16 and the 
surface speciation across the pH range 2-12 is shown in Figure 9.  ≡MgOH2+ and ≡MgOH 
are the major surface species with ≡MgO- becoming important only under alkaline 
conditions.  The model was successful in predicting the surface charge of brucite in 0.01 and 
1.0 M NaCl across the pH range 8-13.  No significant difference was observed between the 
two ionic strength values, which, with the high capacitance used in the model, suggest that 
the EDL is non-diffuse and capable of accommodating high charge densities145. 
 
Table 16.  Surface complexation reactions and their intrinsic stability constants at the 
brucite-solution interface145. 
Reaction log K0int (25°C, I = 0) ≡MgOH ↔ ≡MgO- + H++ -12 ± 0.4 ≡MgOH + H+↔ ≡MgOH2+ 10 ± 0.4 
EDL capacitance 5 ± 1 F/m2 
Surface site density 16  mol/m2 
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Figure 9.  Calculated surface speciation of brucite in 0.01 M NaCl using a 2 pK, 
constant capacitance SCM145. 
 
Chukanovi te  (Fe2(CO3)(OH)2) 
While naturally occurring as an alteration or weathering product of elemental iron in 
meteorites, chukanovite is also observed as an iron corrosion product18,146, and is thus 
important for studying the long-term disposal of nuclear waste.  Little information is 
available in the literature regarding the mineralogy of chukanovite.  However, it has a 
monoclinic crystal structure with space group P21/a; perfect cleavage occurs along {021}.  
0.05. This value has been further confirmed in this study via pH
and [Mg2!]tot measurements in 0.01 mol/L and 1.0 mol/L NaCl
solutions equilibrated with a brucite powder of high surface
area (500 m2/L). An average pK°sp " 10.5 # 0.2 was deduced
from these experiments which is in good agreement with mea-
surements of natural and synthetic brucite solubility in fresh-
water and seawater (Pokrovsky and Savenko, 1992). Values of
brucite solubility product reported in the literature range be-
tween 10$10.50 and 10$11.20 (Hostetler, 1963; Liu and Nancol-
las, 1973). Recently, a detailed study of brucite solubility in
MgCl2 solutions using a liquid junction free cell has been
performed by Altmaier et al. (in press). These authors recom-
mended pK°sp " 10.9 # 0.2. However, the solubility product
of freshly precipitated crystalline brucite is an order of magni-
tude higher (Klein et al., 1967; Liu and Nancollas, 1973). The
presence in our sample of submicron particles and crystal
defects produced by prolonged grinding and the higher solu-
bility of brucite precipitated in kinetic experiments may be
responsible for the slight difference between brucite pK°sp
value determined in this study and that recommended by Alt-
maier et al. (2003).
3.2.1.3. Change of specific surface area during experiments.
SEM observations showed that the surface of reacted grains is
similar to that of the fresh powder although some fine particles
might be present on terraces (Fig. 7a,b). For acid-reacted grains
(Fig. 7c) the amount of trigonally arranged dissolution steps on
(001) basal surfaces increased as dissolution proceeded via
retreat of steps on terraces parallel to the surface (Jordan and
Rammensee, 1996). In contrast, the appearance of edge sur-
faces does not differ between fresh powders, neutral and acid-
reacted grains (not shown). This may indicate a low reactivity
of edges compared to (001) planes although a special high-
resolution microscopic study would be necessary to confirm
this hypothesis. In alkaline supersaturated solutions, the surface
looks like it is covered with precipitate (Fig. 7d).
The change of the specific surface area (SA) of reacted
grains after dissolution/precipitation experiments was followed
by B.E.T surface measurements (Table 5). In precipitation
experiment No 29-4, SA increased by a factor of 5, but in most
experiments lasting %48 h, SA increased by a factor of 1.5 to
3 independently of rate values, solution pH, and saturation
index with respect to brucite. At the same time, the flux of
Fig. 3. Calculated surface speciat on of brucite in 0.01 mol/L NaCl
using a 2 pK, constant capacitance SCM.
Fig. 4. Summary of brucite steady-state dissolution rates at 25°C as
a function of pH in 0.01 mol/L NaCl solutions. The solid symbols
represent rates measured at close to equilibrium conditions (& % 0.5)
where the effect of chemical affinity is significant. The error bars for
this and other figures are within the size of data points unless shown.
Fig. 5. The effect of ionic strength on brucite dissolution rate at pH
6.5 to 11.0.
37Brucite dissolution and precipitation kinetics
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Iron in the chukanovite structure is in the divalent state and comparison of XANES spectra 
to that of magnetite suggests that iron is octahedral coordination146. 
Gibbsi te  (γ-Al(OH)3) 
Gibbsite has a monoclinic crystal structure with space group P21/n and is polymorphic with 
bayerite, doyleite, and nordstrandite and isomorphic with goethite.  Aluminum is in 
octahedral coordination with hydroxyl groups and two aluminum atoms share each hydroxyl 
group147.  The general structure involves two planes of close-packed hydroxyl groups with 
aluminum atoms occupying two-thirds of the octahedral sites between the planes148,149. 
 Many surface complexation models have been developed for gibbsite over the last 
several decades; a summary is provided in Table 17.  Hiemstra et al.5 developed the multisite 
complexation (MUSIC) model, which predicted the log K values for the protonation of 
surface groups from the analogous protonation of aqueous complexes; the basic Stern model 
was used to describe the relationship between pH and surface charge.  Hiemstra et al.5 used 
gibbsite as a simple mineral model, which was accurate because they assumed only one 
reactive surface group was present.  This resulted in a log K value of 10 ± 5 for the 
protonation of AlOH-0.5 (reaction 1 in Table 17).  Only edge faces—and therefore, only 
singly-coordinated hydroxyl groups—were considered because of this high log K value, 
which indicates a strong stability and favorability of AlOH+0.5 formation.  Furthermore, it 
was shown that the planar face of gibbsite—which contains only doubly-coordinated 
hydroxyl groups—exhibits a surface charge above pH 10, but not in the pH range of most 
sorption studies (i.e., pH 4-10)6,149. When Hiemstra and coworkers80 refined the MUSIC 
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model using Pauling’s bond valence principle, a new log K of 9.9 was predicted for the 
protonation of AlOH-0.5. 
Weerasooriya et al.150,151 used the CD-MUSIC model to describe heavy metal sorption 
to gibbsite and used a 1-pK three-plane model (i.e., the basic Stern model) to explain the 
electrostatics of the system.  As seen in Table 17, the log K value for the protonation of 
AlOH-0.5 used by Weerasooriya et al.150,151 is lower than that predicted by all previous studies.  
This is due to the lower pHpzc for the commercial gibbsite obtained and used by 
Weerasooriya et al.150,151 compared to the gibbsite synthesized by other groups.  Regardless, 
this lower log K value was able to predict the surface charge of the commercial gibbsite over 
the pH range 4.5-9. 
The three-plane model developed by Rosenqvist et al.152 was an improvement over 
previous models because it included reactions for both the planar and edge faces.  This 
agrees with the data of Jodin et al.153, which shows that up to 50% of the planar hydroxyl 
groups could be proton reactive under acidic conditions.  Doubly-coordinated hydroxyl 
groups on the planar face were described by ion pair reactions with ions from the ionic 
strength matrix.  Potentiometric titrations in variable ionic strength media show that there is 
a non-equal interaction between Na+ and Cl- and the gibbsite surface.  The log K values for 
sodium and chloride ion pair formation with the doubly-coordinated hydroxyl surface group 
are 8.49 ± 0.01 and -9.62 ±0.01, respectively. 
The work of Bickmore et al.154 was able to describe the surface charging of gibbsite, 
without having to assume defects on the planar surface or ion pair formation between the 
surface and electrolyte ions, by taking into consideration the iconicity of the Al-O bond and 
the Lewis base strengths of the oxygen atoms of a conjugate base (e.g., ≡AlO- or ≡Al2O-).  
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This is a more generalized bond-valence model than the one proposed by Pauling and 
incorporated into the refined MUSIC model80.  As shown in Table 17, the predicted log K 
values for the protonation of singly-coordinated hydroxyl groups (reaction 1) vary between 
7.4 and 11.4 with a weighted average of 10.1, which is similar to that predicted by Hiemstra 
et al.5,6 and Rosenqvist et al.152.  This large range of log K values takes into consideration both 
the (100) and (010) faces of gibbsite and a variety of site densities and Lewis base strengths.  
The Al-O iconicity was fixed at 0.567.  The model developed by Bickmore et al.154 also 
predicts a disparity in log K values for the protonation of doubly-coordinated hydroxyl 
groups (reaction 3 in Table 17).  This is due to the different reactivities of these groups on 
the planar versus edge faces and explains the high surface charge observed by earlier 
research groups. 
Jodin et al.153 also used the MUSIC model to describe the surface chemistry of 
synthesized gibbsite, but revised the empirical equation to estimate log K values to take into 
account bonds between neighboring surface sites, bonds with adsorbed water molecules, and 
surface relaxation.  As seen in Table 17, the log K values predicted by Jodin et al.153 for the 
protonation of singly-coordinated (reaction 1) and doubly-coordinated (reaction 3) hydroxyl 
groups agree well with those predicted by Hiemstra et al.80,149 and Bickmore et al.154, 
respectively.  Jodin et al.153 also predicted log K values for these same reactions taking into 
consideration surface relaxation; the log K value for reaction 1 decreases by two log K units 
while the log K value for reaction 3 increases by two log K units.  This suggests that surface 
charge arises from both the planar and edge surfaces, as hypothesized by Rosenqvist et al.152. 
 Reactions 4 and 5 in Table 17 are included in the 2pK-CCM model of Yang et al.147.  
The log K values for these reactions are dependent on ionic strength and the lack of a trend 
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with respect to ionic strength makes it difficult to extrapolate the results to zero ionic 
strength.  The lack of a trend is due to the variability in surface site density with ionic 
strength, which ranges from 2.83 to 6.78 sites per square nanometer of gibbsite. 
Hydroxyapat i t e  (Ca10(PO4)6(OH)2) 
As part of the apatite group, hydroxyapatite has a hexagonal crystal structure with space 
group 6/m.  However, Elliott et al.155 have also identified a monoclinic form with space 
group P21/b.  In the hexagonal form, calcium ions are found in both 6- and 7-fold 
coordination with PO4
-3 and OH- groups, forming the tubular or columnar structure shown 
in Figure 1072,156.  Because hydroxyapatite is used as analog for bone and teeth, most of the 
available  
 
Table 17.  Summary of surface complexation reactions for gibbsite. 
Reaction Log K Reference 
(1) 
 AlOH-0.5+  H+    AlOH2+0.5 10 ± 0.5 Hiemstra et al.5,6, Rosenqvist et al.152 
 9.9 Hiemstra et al.80,149, Jodin et al.153 
 8.7 Weerasooriya et al.150 
 8.35 Weerasooriya et al.151 
 7.4 - 
11.6 
Bickmore et al154 
(2)  Al2O
- + H+    Al2OH 
11.9 Hiemstra et al.149 
(3) ≡Al2OH  +  H+     ≡Al2OH2+ 0 Hiemstra et al.149 
 -10.8 – 
5.1 
Bickmore et al.154 
 2.0 Jodin et al.153 
(4)  AlOH2
+      AlOH  +  H+ 6.35 – 
7.14a 
Yang et al.147 
(5)  AlOH      AlO-  +  H+ 9.63 – 
10.49a 
Yang et al.147 
aValue depends on ionic strength 
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Figure 10.  Structure of apatite viewed down the c  axis72. 
 
literature relates to the biomedical field and no detailed studies have been performed to 
investigate the surface speciation.  However, looking at the structure in Figure 10, one can 
assume that OH- and Ca+2 may be present along the (100) face (i.e., perpendicular to the 
page) and phosphate groups may be an important surface species along the (001) face (i.e., 
parallel to the page). 
Mackinawite  (FeS) 
Mackinawite forms in the environment under anoxic conditions.  It has a tetragonal crystal 
structure and belongs to the P4/nmm space group.  Divalent iron is tetrahedrally coordinated 
to sulfur atoms, as exhibited by iron K-edge EXAFS analysis, which shows two sulfur shells 
at 2.24 Å and 2.63 Å from the central iron atom157.  This agrees with the 2.23 Å Fe-S 
distance reported by Kjekshus et al.158.  The iron tetrahedra form a layer structure through 
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edge sharing and the layers are held together by weak van der Waals forces157,159.  Iron atoms 
may occupy the tetrahedral spaces between the sulfur layers, leading to a structure enriched 
in iron160.   
 Mullet et al.159 used X-ray photoelectron spectroscopy (XPS) to determine the atom 
distribution at the mackinawite surface—37% Fe and 44% S.  The remaining 19% was due 
to oxygen impurities from synthesis.  Both Fe(III)-S and Fe(II)-S bonds are present at the 
surface.  According to Hard Soft Acid Base (HSAB) theory, because sulfur is a soft base and 
plutonium is a hard acid, bonding between the two is less likely and will be different than for 
an oxide surface, which may be terminated by hard base OH- groups. 
 Mössbauer spectroscopy confirms the presence of low-spin ferrous iron159,160 and 
low-spin Fe(III)159 in the bulk mackinawite structure.  Approximately 80% of the iron was 
found to be Fe(II)159, indicating that electron transfer is likely an important mechanism for 
the surface-mediated reduction of plutonium in the presence of mackinawite. 
PLUTONIUM SORPTION TO PURE MINERAL PHASES 
This section discusses the interactions of plutonium with the pure mineral phases shown in 
Table 2 and discussed in Section 0.  A particular attempt was made to emphasize how the 
mineralogy of a pure mineral phase affects the sorption behavior of plutonium. 
The general S-shaped trend of between sorption and pH is explained by the Gouy-
Chapman theory, which states that the surface charge and chemical potential at a mineral 
surface decreases in increasing pH.  Therefore, a plutonium cation in solution will be 
increasingly attracted to a mineral surface as the pH of the solution is raised.  This is due to 
the increasing electrostatic attraction between a positively charged cation and a negatively 
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charged surface and because particles tend to move from areas of high chemical potential to 
low chemical potential. 
Plutonium Sorption to Iron (oxyhyr)oxides 
Pu(IV) sorption to iron (oxyhydr)oxides (e.g., goethite, hematite, magnetite) is characterized 
by fast sorption kinetics; typically, steady-state is achieved within a day21,28.  Sorption of the 
oxidized forms of plutonium are characterized by a two-step process consisting of initially 
fast sorption kinetics followed by a slow increase in plutonium surface concentration with 
time21,23,26–28.  In some cases, steady-state is not achieved even after 20 days21.  This second 
step is attributed to surface-mediated reduction of Pu(V) to Pu(IV)21 or simultaneous 
oxidation and reduction of Pu(V) to Pu(VI) and Pu(IV)11.  Surface-mediated reduction is 
hypothesized because the sorption edges for Pu(V) and Pu(VI) shift to lower pHs over time 
and approach the behavior observed for Pu(IV)21,27. 
During experiments in which plutonium is added in the +5 oxidation state, no 
significant amounts of Pu(IV) are detected in solution, regardless of the iron (oxyhydr)oxide 
phase present11,21,22,24,27,30.  This includes control samples where no solid surface was present 
as well as samples in which no sorption occurred in the presence of a solid surface (e.g., low 
pH).  Therefore, Pu(V) is stable in solution and reduction is mediated by the iron 
(oxyhydr)oxide surface (i.e., reduction of Pu(V) to Pu(IV) does not appear to occur in the 
aqueous phase).  This can be seen in Figure 11 as a decrease in Pu(V) concentration 
(squares) with a corresponding increase in the fraction of Pu(IV) (diamonds) associated with 
Savannah River Site soil, which was determined to be 25-30% hematite, 60-65% Al-goethite, 
and <10% clay Fe(III) by Mössbauer spectroscopy71. 
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Figure 11.  Oxidation state distribution of plutonium as a function of time on 
untreated Savannah River Site soil.  Open and closed symbols indicate data obtained 
from solvent extraction and LaF3 coprecipitation, respectively.  Symbols: (¢ ,£) = 
Pu(IV); ( ,) = Pu(V); (Í) = Pu(VI).  For clarity, experimental error is omitted, 
but is generally less than 5%71.  
 
Plutonium Sorpt ion to Goethi te  
Sanchez et al.21 compare Pu(IV) and Pu(V) sorption in solutions containing 28.5 m2/L ( 
0.420 g/L) goethite over the pH range 2-10.  As seen in Figure 12, approximately 20% 
sorption of plutonium (added as Pu(IV)) is observed at pH 2.  Sorption of Pu(IV) increases 
with increasing pH to approximately pH 6, at which point near complete sorption is 
observed.  Increasing the equilibration time from 1 hour to 96 hours has no affect on 
sorption behavior, indicating that steady-state is achieved within 1 hour. Interestingly, 
increasing the concentration of plutonium by an order of magnitude results in a slight 
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decrease in sorption from pH 2-6.  This is not due to saturation of the surface sites because 
at 28.5 m2/L (0.420 g/L), there are approximately 10-4 M sites available for plutonium 
sorption, assuming a conservative estimate of 2.3 sites/nm2.  Therefore, the concentration of 
surface sites is 6-7 orders of magnitude greater than the plutonium concentration.  Sanchez 
et al.21 was able to predict Pu(IV) sorption to goethite using three surface complexes: ≡SOPu(OH)2+2, ≡SOPu(OH)3+, and ≡SOPu(OH)4, with log K values of -2.00, -5.90, and -
12.0, respectively, using a site-binding surface complexation model.  The implicit assumption 
in these reactions is that Pu(IV) forms inner-sphere complexes with the goethite surface.  
No EXAFS results have been published confirming or disproving the existence of these 
plutonium surface species when plutonium is added as Pu(IV).  There have also been no 
EXAFS results published for the thorium-goethite system to use as a comparison.  However, 
EXAFS data discussed below when plutonium is added as Pu(V) support the conceptual 
model that Pu(IV) forms inner-sphere complexes. 
 The sorption behavior of Pu(IV) is different at high plutonium concentrations.  
Powell et al.161 observed the formation of nanocolloids when dilute concentrations of Pu(IV) 
were added incrementally to a goethite suspension.  The Pu(IV) aliquots ranged from 2.68 x 
10-9 M to 9.87 x 10-7 M and the final concentration of Pu(IV) in the suspension was 9.8 x 10-7 
M.  Both high-resolution transmission electron microscopy (HRTEM) imaging and electron 
diffraction indicated that the colloids had the form Pu4O7 in a distorted fluorite structure. 
Pu(V) sorption to goethite is different than Pu(IV) sorption to goethite under the 
same solution conditions21 (Figure 13).  No sorption is observed below pH 4.  Sorption 
increases with increasing pH and near complete sorption occurs at approximately pH 8.  
Increasing the equilibration time from 1 hour to 20 days causes the sorption edge to shift to 
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lower pHs, approaching that of Pu(IV), which, again,  indicates reduction of Pu(V) to 
Pu(IV).    Similar behavior has been observed by other researchers23. 
 
 
Figure 12.  Adsorption of Pu(IV) on goethite as a function of pH from 0.1 M NaNO3 
solution at two plutonium concentrations (10-11 and 10-10 M)21. 
 
Keeney-Kennicutt and Morse11 followed the change in plutonium oxidation state 
distribution with time.  Within 30 seconds of adding Pu(V) to solutions containing 5 m2/L 
(0.1 g/L) goethite, the oxidation state distribution of plutonium associated with the solid 
phase is 53.8% Pu(IV), 29.5% Pu(V), and 16.7% Pu(VI).  Therefore, while a majority of 
plutonium undergoes reduction, a small amount has been oxidized.  While this may imply 
disproportionation of Pu(V) is the reduction mechanism in this system, the plutonium 
concentration is low (5 x 10-10 M), which does not favor disproportionation.  In addition, 
after 30 days of equilibration, the oxidation state of adsorbed plutonium is 90.4% Pu(IV),  
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Figure 13.  Adsorption of Pu(V) on goethite as a function of pH from 0.10M NaNO3 
solution at 10-11M (left panel) and 10-10M (right panel)21. 
  
1.5% Pu(V), and 8.1% Pu(VI)11.  This shows significant reduction of oxidized plutonium to 
Pu(IV) and is corroborated by the solid-phase solvent extraction results presented by Powell 
et al.22 and Lujanienė et al.24 (see Figure 14).  If disproportionation of Pu(V) is the reduction 
mechanism in this system, plutonium oxidized to Pu(VI) would then need to re-reduce to 
Pu(IV) to explain this result.  While that is certainly plausible, other studies have not 
observed disproportionation of Pu(V) in the presence of a solid phase, even at higher 
plutonium concentrations20–22,30,32,33,71.   
XANES spectra show that Pu(IV) is the dominant oxidation state on goethite when 
plutonium is added as Pu(V)63.  Fits to EXAFS spectra show inner-sphere complexation of 
Pu(IV) with the goethite surface63.  Although evidence of plutonium-carbonate complexes 
exist, there are no Pu-Pu interactions present that would represent precipitation of Pu(IV) 
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on the goethite surface63.  Modeling results are most consistent with edge sharing between 
plutonium and iron octahedra63.  This means that two oxygens in the plutonium hydration 
sphere are shared with the goethite structure.  Furthermore, Hu et al.162 studied the 
interaction of Pu(VI) with manganese-substituted goethite via XAS.  Manganese K-edge 
XANES measurements indicated that all manganese in the goethite structure was Mn(III) 
and that it was homogeneously distributed throughout the goethite matrix.  Plutonium LIII-
edge XANES results show that Pu(VI) reduced to Pu(IV) in the presence of these minerals 
and plutonium EXAFS fitting indicated that Pu(IV) formed an inner-sphere complex with 
 
 
Figure 14.  Solid-phase Pu oxidation state distribution on goethite at (a) pH 6.47 ± 
0.02, [α-FeOOH] = 20 m2/L, and (b) 7.96 ± 0.05, [α-FeOOH] = 50 m2/L. 0.01 M 
NaCl; added [Pu(V)eq] = 1.5 x 10-8 M.  Error bars represent a 95% confidence level 
based upon error propagation of counting statistics22. overall reaction rate between these experiments and others
at pH 6.5, further demonstrating that the goethite concen-
tration does not appear to affect the overall reaction rate.
These systemsarenot expected toexhibit site limitedkinetics.
Therefore, if adsorption is not a rate-limiting step and Pu(V)
is adsorbed to a discrete site on the goethite surface, the
goethite concentration should not affect the reaction rate.
Increasing pH resulted in only a slight increase in the
overall reaction rate (Table 2). Thepseudo-first-order overall
reaction rate increased by less than a factor of 3 as the pH
increased from 5.7 to 8.0. By comparison, similar overall
reaction rates forhematite increasedby3ordersofmagnitude
within the same pH range. It is possible that the true
“reduction” rates are similar for the two minerals, but the
rate-limitingadsorptionstep tohematite leads toan increased
sensitivity to pH and a lowermeasured overall reaction rate.
Since the goethite concentration does not affect the overall
reaction rate, it canbe removed fromeq5.Theoverall reaction
rate and hydrogen ion reaction order were calculated from
the fitted line presented in Figure 10. Using these two
constants, an expression describing Pu(V) adsorption and
reduction on goethite can be written as
with krxn ) 3.0 ( 1.4 × 10-6 (mol-1 L)-0.21 s-1.
An average overall reaction rate at pH 6.5 of 6.6 ( 7.8 ×
10-5 s-1 was calculated from the data presented in Table 2.
Penrose et al. (6) obtained an observed Pu(V) reduction rate
of 6.3× 10-6 s-1 in a 50mg/L goethite solution, pH6 solution
of 0.01 M cacodylic acid and 0.1 M KNO3. The differences
between these two rates may reflect differences in solution
compositionor goethite compositionor character. Reduction
of Pu(V) by goethite inpH8 solutionshas been characterized
by X-ray adsorption near-edge spectroscopy (XANES) (19).
After 15 min, 87% of the solid phase Pu was Pu(V), and after
FIGURE 8. Total system Pu oxidation state distribution at (a) pH 6.47
( 0.02 and (b) pH 7.96 ( 0.05. [r-FeOOH] ) 20 m2 L-1; 0.01 M NaCl;
added [Pu(V)aq]) 1.5× 10-8M. Error bars represent a 95%confidence
level based upon error propagation of counting statistics.
FIGURE 9. Solid-phase Pu oxidation state distribution on goethite
at (a) pH 6.47 ( 0.02, [r-FeOOH] ) 20 m2 L-1, and (b) 7.96 ( 0.05,
[r-FeOOH] ) 50 m2 L-1. 0.01 M NaCl; added [Pu(V)aq] ) 1.5 × 10-8
M. Error bars represent a 95% confidence level based upon error
propagation of counting statistics.
TABLE 2. Adsorption and Reduction Rate Constants for Pu(V)
Interaction with Goethite
pH
[r-FeOOH]
m2L-1
apparent
adsorption
rate constant
k!ads (s-1)a
apparent
reaction rate
constant
k!rxn (s-1)b
2.94 ( 0.06 50.0 ( 1.2 no adsorption no reduction
5.69 ( 0.29 101.5 ( 1.5 8.5 ( 0.37 × 10-5 4.7 ( 0.5 × 10-5
6.47 ( 0.04 20.5 ( 2.2 9.1 ( 0.9 × 10-5 6.2 ( 1.1 × 10-5
6.47 ( 0.02 48.3 ( 4.1 9.0 ( 1.60 × 10-5 7.2 ( 1.6 × 10-5
6.66 ( 0.16 101.1 ( 1.6 8.1 ( 0.65 × 10-5 5.8 ( 1.7 × 10-5
6.54 ( 0.03 300.5 ( 7.6 >2.0 × 10-3 c 6.3 ( 1.1 × 10-5
6.56 ( 0.02 502.2 ( 7.1 >3.0 × 10-3 c 7.7 ( 1.4 × 10-5
8.09 ( 0.12 20.9 ( 0.9 2.5 ( 0.37 × 10-4 1.3 ( 0.4 × 10-4
7.96 ( 0.05 51.0 ( 2.2 >1.0 × 10-3 c 1.3 ( 0.3 × 10-4
7.75 ( 0.13 100.0 ( 1.6 >5.0 × 10-2 c 1.4 ( 0.4 × 10-4
a See Table 1. b See Table 1. c >90% adsorption observed in <15
min. Value reported represents the slope of the initial and first data
points for each experiment.
FIGURE 10. Dependence of log k!rxn on log[H+]. [H+] reaction order
term, n, calculated via eq 6; n ) -0.21 ( 0.04; krxn ) 3.0 ( 1.4 ×
10-6 (mol-1 L)-0.21 (s-1); R2 ) 0.924. Each data point is based on
approximately 10 observations.
df aq+solid
Pu(V)
dt
) -krxnf aq+solid
Pu(V) [H+]-0.21(0.04 (7)
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the surface.  However, it was unclear whether plutonium was bound to manganese or iron.  
Overall, theses XAS studies show that plutonium added as either Pu(V) or Pu(VI) will 
reduce to Pu(IV) and form an inner-sphere complex with goethite. 
Plutonium Sorpt ion to Hemati te  
Powell et al.22 studied the sorption of Pu(V) over time in solutions containing 10-100 m2/L 
(0.28-2.75 g/L) hematite over the pH range 3-8 (see Figure 15).  At steady-state, which is 
achieved within seven days, <5% of plutonium sorption is observed at pH 3.  The fraction 
of sorbed plutonium is significantly higher at pH 5 and 100% sorption is observed at pH 8.  
Increasing the hematite concentration corresponds to an increase in the fraction of sorbed 
plutonium.  Oxidation state analysis of solutions at approximately neutral pH and 10 m2/L 
(0.28 g/L) hematite show a decrease in the fraction of Pu(V) in the total system (solid + 
aqueous) with a corresponding increase in the fraction of Pu(IV) in the total system.  The 
rate of Pu(V) sorption and reduction is discussed in Section 0. 
 
 
Figure 15.  Adsorption of Pu(V) to hematite versus time22. 
Pseudo-first-order overall reaction rate constants (k!rxn)
were also determined. They includeboth the adsorption and
the reduction of Pu(V) in the system based upon the results
from the oxidation state analysis procedure described above
for the total system (solid and aqueous phases). Equation 5
describes the adsorption and reduction of Pu in the total
system as a function of mineral surface area concentration
[MSA], hydrogen ion concentration [H+], fraction of Pu(V) in
the system f aq+solid
Pu(V) , and the overall reaction rate constant
krxn:
The coefficientsm and n are the reaction orders for mineral
and hydrogen ion concentrations, respectively. Themineral
surfaceareaconcentrationofhematite andgoethite arenoted
as [R-Fe2O3] and [R-FeOOH], respectively.
Errors reported for oxidation state distributions were
propagated from Pu counting statistics. All errors reported
for rate constants and reaction order terms represent the
standard deviation obtained from linear regression reported
at the 95% confidence level. The pH, [R-FeOOH], and
[R-Fe2O3] reported for each set of experiments are theaverage
from all samples for a given experiment. Errors reported for
pH, [R-FeOOH], and [R-Fe2O3] of each experiment are twice
the standard deviation of the average.
Results and Discussion
Experimental and Pu Oxidation State Analysis Controls.
The oxidation state of Pu(V)working solutions (with no solid
phase present) at pH 3, 5, and 8 were monitored over 30
days. These solutions showed no change in Pu(V) concen-
tration. Additionally, oxidation state pure Pu(IV), Pu(V), and
Pu(VI) solutions remained as 98( 4%Pu(IV), 97( 4%Pu(V),
and 98 ( 2% Pu(VI) after being carried through the ultra-
filtration/solventextractionoxidationstateanalysis technique
described above. The integrity of the initial oxidation state
was maintained throughout the procedure, validating the
stability of each oxidation state as well as the separation
method in0.01MNaCl. Therefore, nochanges in theaqueous
Pu oxidation states occurred as experimental artifacts.
Several solutionswereprepared to observe thepossibility
of mineral dissolution and Eh changes occurring during
experiments. The average Eh of pH 3 solutions of hematite,
goethite, and 0.01 M NaCl were 864 ( 70, 862 ( 79, and 845
( 82 mV, respectively. The average Eh of pH 8 solutions of
hematite, goethite, and 0.01 M NaCl were 521 ( 25, 524 (
29, and 535 ( 37 mV, respectively. Thus, there was little
change in Eh due to the addition of hematite or goethite.
Additionally, iron was not measured above the detection
limit of 0.1 mg L-1 in the aqueous phase at any pH.
Results from adsorption and leaching experiments using
Th(IV), Np(V), and U(VI) as oxidation state analogues for
Pu(IV), Pu(V), and Pu(VI), respectively, are shown in Figure
1 for hematite and goethite. After 1-h contact time at pH 8,
there was considerable adsorption of each actinide, shown
as the adsorption step. Actinide concentrations in control
samplesdidnotchange, indicatingnegligible loss tocontainer
walls. After lowering thepH to1.5, the actinideswere leached
for 15 min (indicated as the leaching step in Figure 1). Data
for additional leaching times arepresented in the Supporting
Information. These data indicate that, for both hematite and
goethite, a 15-min leaching time is adequate toquantitatively
leachNp(V) andU(VI) into the aqueous phase. Additionally,
a significant fraction of Th(IV)was leached from the goethite
within 15 min. However, Lu et al. (22) and Powell et al. (20)
showed that the fraction of leachable Th(IV)/Pu(IV) from
iron oxides decreased over time.
It is desirable to keep the leaching timeas short aspossible
to minimize unintentionally oxidizing Pu during sample
processing. These experiments indicate thatNp(V) andU(VI)
can be quantitatively leached from hematite and goethite
aftermixing the suspension for 15minatpH1.5.Quantitative
desorption of Pu(IV)/Th(IV) is not necessary for this analysis
based upon the mass balance assumption in eq 2.
Pu(V)Adsorption toHematite andGoethite.Adsorption
of Pu(V) to hematite and goethite over time is shown in
Figures 2 and 3, respectively. The rate of adsorption of Pu(V)
tohematite increasedwith increasingpHandwith increasing
hematite concentration. In solutions with low carbonate
concentrations, Pu(V) remains as the free dioxycation and
FIGURE 1. Adsorption and leaching of (a) 230Th, (b) 237Np, and (c)
233U from hematite and goethite. Control does not contain hematite
or goethite. Adsorption step 1 h at pH 8; leaching step 15 min at
pH 1.5. [230Th] ) 5.0 × 10-6 M, [237Np] ) 1.4 × 10-7 M, and [233U] )
1.0 × 10-8 M.
FIGURE 2. Adsorption of Pu(V) to hematite vs time.
df aq+solid
Pu(V)
dt
) -krxnf aq+solid
Pu(V) [MSA]
m[H+]n (5)
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Romanchuk et al.28 compare Pu(IV) and Pu(VI) sorption in solutions containing 11 
m2/L (0.31 g/L) hematite over the pH range 1-7.  As seen in Figure 16a, at steady-state 
<10% sorption of plutonium (added as 10-9 M Pu(IV) or Pu(VI)) is observed at pH < 3.  
Sorption increases with increasing pH to approximately pH 5, at which point near complete 
sorption is observed.  After 25 days, the sorption edges of Pu(IV) and Pu(VI) are 
indistinguishable, suggesting Pu(VI) reduction to Pu(IV).  Decreasing the plutonium 
concentration by five orders of magnitude results in a slight increase in sorption across the 
entire pH range for Pu(IV) and a slight increase in sorption below pH 3 for Pu(VI) (see 
Figure 16b).  This increase in sorption with a decrease in plutonium concentration is 
expected because the hematite/plutonium ratio is higher at 10-14 M plutonium than at 10-9 M 
plutonium.  Further comparison of the two datasets is difficult because they are presented at 
different equilibration times.  The data at 10-14 M plutonium is given at 10 days equilibration 
and the difference in the Pu(IV) and Pu(VI) sorption edges, contrasted with the similarity of 
these edges at 10-9 M, indicates that steady-state has not been achieved.  
Lu et al.26 and Runde et al.27 studied the sorption of Pu(V) to hematite in J-13 well 
water.  Lu et al.26 observe that 50-55% of plutonium is sorbed immediately after adding 
Pu(V) to solutions containing 1337.5 m2/L (2.5 g/L) colloidal hematite.  Over time, the 
fraction of plutonium associated with the solid phase slowly increases; steady-state is not 
achieved even after 4 days.  The results of Runde et al.27 are similar, showing that 
approximately 45% of plutonium is sorbed upon initial mixing.  The fraction of plutonium 
associated with the solid phases increases with time until steady-state is reached around 4 
days.  Approximately 95% of the plutonium is sorbed at steady-state.  In both of these 
studies, the pHs of the solutions being monitored over time are not specified.  However,  
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Figure 16.  The pH sorption edges of Pu(VI) and Pu(IV) onto hematite at (a) 10-9M 
after 25 days and (b) 10-14M after 10 days28. 
 
140 A. Yu. Romanchuk, S. N. Kalmykov and R. A. Aliev
Fig. 3. The pH sorption edges of Pu(VI) and Pu(IV) onto hematite at
diff rent Pu to al concentrations.
could take place due to the increase of Pu concentration in
the electric double layer of hematite upon sorption. Taking
Pu total concentration of 1×10−10 M, hematite concentra-
tion of 10 m2/L and 99% sorption, would result in local
concentration of Pu in 1 nm layer near the surface around
1×10−5 M that enable the disproportionation reaction.
To examine different mechanisms of Pu(V,VI) reduction,
the sorption experiment is done at very low Pu total con-
centration around ∼ 10−14 M at which disproportinonation
can not occur as well as formation of Pu(IV) polymeric
species. Disproportination reaction depends on pH and total
Pu concentration since this is a bimolecular reaction as dis-
cussed by Katz et al. [45]. Choppin et al. [46] pointed out
that for environmental cocentrations of Pu (around 10−14 M)
are less likely. In conjunction with Efurd et al. [47] and Neck
et al. [48] small colloids are formed at log[Pu(IV)] =−7.3
to −8.5. We consider that at ∼ 10−14 M only monomeric Pu
species could be present on the hematite colloids. The sta-
bilization of Pu(IV) on the surface at this low concentration
indicates that surface-mediated reduction is not concentra-
tion dependant.
The data presented here do not permit to propose the
mechanism of Pu reduction, however it rejects the dispropor-
tionation reaction on the surface, self-reduction by radiolysis
(237Pu decays by electron capture) and formation of poly-
meric species at total Pu concentration around ∼ 10−14 M.
Therefore we consider that the properties of the hematite
surface define the reduction of Pu(V,VI). Brown et al. [49]
suggest that Fe(II) could be formed in hematite as a re-
sult of point defects. The light intensity was found to have
effect on the kinetics of Pu(V) reduction [26, 27, 30], how-
ever even in the absence of light Pu(V) is reduced [27].
Since hematite is semiconductor with energy of the band gap
of about 2.2 eV, upon visible light irradiation, the electron
from valence-band can transferred to the conduction band
and then can reduce Pu(V) or Pu(VI). For the reduction of
1×10−9 M Pu(VI) only 4×10−5 wt.% of Fe(II) is required.
Such small Fe(II) concentration is below the sensitivity of
any spectroscopic method.
3.2 The kinetics of Pu sorption
The lack of any spectroscopic techniques for sorbed Pu spe-
ciation onto hematite at both concentrations induce us to
examine the kinetics of sorption and define rate components
that correspond to different processes that accompany Pu
sorption at different concentrations. Fig. 4a presents the ki-
netics of sorption of Pu(IV) and Th(IV) taken as a valence
state analog both at the ∼ 10−14 M. For both elements, fast
quantitative sorption is achieved within first 1–2 h. In con-
Fig. 4. The kinetics of Pu(IV) (a) and Pu(VI) (b) sorption onto
hematite colloids at ∼ 10−14 M total concentration.
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because the experiments were conducted in J-13 well-water, it can be assumed that the pH is 
approximately 7.5.  Therefore, these results are similar to the sorption edges produced by 
Romanchuk et al.28 for solutions containing Pu(IV) (see Figure 16) and indicate surface-
mediated reduction of Pu(V) to Pu(IV). 
Plutonium Sorpt ion to Magnet i t e  
Powell et al.30 studied the adsorption and reduction of Pu(V) by magnetite.  As expected, the 
fraction of plutonium sorbed increases with increasing pH due to the increasing negative 
charge of the magnetite surface.  The fraction of sorbed plutonium also increases with 
increasing magnetite concentration over the range 10 – 100 m2/L (0.39-3.94 g/L).  This is 
due to the increased probability of plutonium interacting with the magnetite surface and is 
not related to site-limited kinetics.  Oxidation state analyses of plutonium in the total system 
(aqueous + solid phases) show a decrease in the amount of Pu(V) over time with a 
corresponding increase in the amount of Pu(IV). 
 Tsukamoto et al.31 studied the sorption of 239Pu in the presence of magnetite as a 
function of pH.  The oxidation state of plutonium when added to the suspensions is unclear.  
However, the results are similar to those of Powell et al.30, so it is likely that plutonium was 
added as Pu(V).  Complete sorption of plutonium is observed above pH 4.  Preventing CO2 
from entering the system had little effect on the sorption behavior of plutonium, even at 
high pH when anionic plutonium-carbonate aqueous complexes may be expected to form. 
 Kirsch et al.18 used plutonium LIII-edge XAS to examine the surface complexes 
formed when Pu(III) and Pu(V) are reacted with magnetite under anoxic conditions. Two 
samples were prepared in which plutonium was added as Pu(III)—one at pH 6 and one at 
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pH 8.  One sample was prepared using Pu(V) at pH 8.  In all the cases, plutonium associated 
with the solid phase was found to be >90% Pu(III).  The surface complex is described as a 
tridentate, trinuclear (with respect to FeO6 octahedra), triple edge-sharing surface complex 
with the (111) face of magnetite.  This study shows that under anoxic conditions (e.g., pe of 
approximately  -1.2 at pH 6 and -5.0 at pH 8), complete reduction of Pu(V) to Pu(III) is 
observed.  The study of Powell et al.30 used solvent extraction to indirectly determine the 
presence of Pu(IV) on the surface.  However, since the studies by Powell et al.30 were 
performed under atmospheric conditions, it is likely that the magnetite surface oxidized and 
that the specific site on magnetite identified as capable of holding Pu(III) was not present in 
the study by Powell et al.30.  This hypothesis is supported by the observations that no Pu(III) 
formed in mackinawite samples despite the presence of Fe(II)18 (see Section 0). 
 Furthermore, Scott et al.163 observed the reduction of U(VI) to U(IV) on the surface 
of magnetite using XPS and secondary ion mass spectrometry (SIMS).  Magnetite crystals 
were cut along the (111), (100), and (110) crystal planes and exposed to a uranyl acetate 
solution for 12, 24, 48, and 168 hours.  XPS measurements at each equilibration time 
showed an increase in the amount of U(IV) on each surface with increasing equilibration 
time (Figure 17).  This was correlated to the disappearance of the Fe(II)oct contribution to 
the Fe 2p XPS spectrum after exposure to the uranyl acetate solution, suggesting oxidation 
of magnetite Fe(II) to Fe(III) facilitating the reduction of U(VI) to U(IV).  U(VI) reduction 
to U(IV) was observed on all three crystal faces.  However, the reduction rate followed the 
trend (110) > (111) > (100), which can be correlated to the amount of octahedral Fe(II) on 
each crystal face.  However, reduction of U(VI) to U(IV) occurred on all three crystal faces 
and the amount of reduction was nearly equivalent after 168 hours.  Similar behavior is  
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Figure 17. XPS of curve-fitted U 4f photoelectron regions from magnetite crystals cut 
along (111), (100), and (110) crystal planes and exposed to 100 ppm uranyl acetate 
solution for 12 to 168 h. Spectral progression of photoelectron profiles charts 
increasing amount of surface U(IV) relative to U(VI) related to progressive chemical 
reduction of surface bound uranyl ions, to hyperstoichiometric UO2.  Spectra were 
obtained using Mg-Kα radation source at 400 W (15 kV)163. 
 
expected for plutonium, but no spectroscopic evidence exists to support this hypothesis on 
magnetite. 
Kinet i cs  o f  Plutonium Sorpt ion to Iron (oxyhydr)oxides  
Analogous to equation 14, the rate equation for the reaction (sorption + reduction) of Pu(V) 
with a mineral surface is provided by 
 
!!!"!#$!"(!)!" = −k!"#f!"!#$!" ! M ![H!]!        (32) 
only other oxidant present in solution. Aqueous uranium was thought to
be present as the linear UO22! uranyl dioxo cation, which is extraordi-
narily stable in an aqueous environment (Gordon and Taube, 1961;
Denning, 1983). In solution the dissolved UO22! ions were expect d to
be surrounded by up to five water or hydroxide molecules, coordinated
in the plane equatorial to the axial oxygens (Evans, 1963; Ragnarsdottir
and Charlet, 2000) and forming aqueous complexes such as
UO2(H2O)52! and UO2(OH)20.
After suitable exposure each coupon was removed from solution,
briefly washed in purified water to remove unbound (absorbed) uranyl
species and dried, taking care to avoid contamination or disruption of
the surface. Samples were then mounted and analyzed under high
vacuum (better than 5 " 10#8 mbar) in a Thermo VG Scientific X-ray
photoelectron spectrometer. Analyses were made with both Mg-K!
1253.6 eV and Al-K! 1486.6 eV radiation at 400 W (15 kV), Mg-K!
radiation provided slightly improved spectral resolution, whilst Al-K!
radiation produced spectra with higher signal-to-noise ratios. High-
resolution scans were acquired with 30 eV pass energy, 200 ms dwell
times and 0.1 eV step size. Wide scan spectra were acquired with 100
eV pass energy, 200 ms dwell times and 1 eV step size.
Standard spectra were obtained from untreated magnetite crystal
planes and the spinel mineral CoFe2O4. All binding energies were
referenced to the C 1s line at 284.8 eV. Quantitative analysis was
performed by comparison of peak areas and atomic concentrations
were calculated using selected photoelectron peaks and their associated
sensitivity factors (Wagner, 1988). Quantitative measurements of
atomic percentage were obtained for U, Fe and O using wide scan
spectra generated by Mg-K! radiation. Relative errors were calculated
at less than $4.0% for U, $8.8% for Fe and $2.3% for O using the
method of Harrison and Hazel (1992).
Depth profiles of (111), (110) and (100) crystal faces previously
exposed to 100 ppm U solution for 24 h were recorded using SIMS.
The instrument used for analysis was constructed at the University of
Bristol. It employed a focused gallium ion gun (FEI electronically
variable aperture type) fitted to a Vacuum Generators model 7035
double-focusing magnetic sector mass analyzer. The instrument is
similar to that of Schuetzle et al. (1989) except that in their instrument,
the magnetic sector is situated ahead of the electrostatic sector. Depth
profiles were made using a 3 nA beam current at x300 magnification
giving an etch rate of %2.2 nm/min based on Srim estimates for UO2.
As a mixed valence Fe oxide, the separation of Fe(II) and Fe(III)
contributions to the Fe 2p binding energy spectrum of magnetite is
complicated by the overlap of Fe 2p peaks and their satellites generated
by different iron valences. Peak separation was achieved using the
method previously reported by McIntyre and Zetaruk, involving the
comparison of the Fe 2p binding energy spectra for Fe3O4 with that of
CoFe2O4, an iron oxide of identical structure but containing only Fe(III)
ions. It was assumed that Fe(III) binding energies were not affected by the
exchange of Co(II) ions in the lattice for Fe(II). On inspection, the Fe 2p
spectra of untreated Fe3O4 were noticeably broadened to the low binding
energy side compared with the CoFe2O4 spectrum.
Curve fitting using Pisces software indicated the presence of an
additional component in the Fe 2p spectrum of the magnetite standards
assigned to the presence of Fe(II) iron, represented by a single sym-
metric peak centered at 709.1 eV $0.15, which is close to values
previously reported for FeO (Allen et al., 1974a; McIntyre and Zetaruk,
1977) (Fig. 2). Best-fit results were subsequently used to generate a
fitting-constraint model (Table 1), for the Fe 2p photoelectron spectra
for Fe3O4 surfaces after reaction with U solution. In this way, changes
in the relative abundance of ferrous and ferric iron upon reaction with
uranium was determined.
The ferrous:ferric ratios observed for iron in the three Fe3O4 crystal
Fig. 3. XPS of curve-fitted U 4f photoelectron regions from magnetite crystals cut along (111), (100), and (110) crystal
planes and exposed to 100 ppm uranyl acetate solution for 12 to 168 h. Spectral progression of photoelectron profiles charts
increasing amount of surface U(IV) relative to U(VI) related to progressive chemical reduction of surface bound uranyl ions,
to hyperstoichiometric UO2. Spectra were obtained using Mg-K! radiati n source at 400 W (15 kV).
5641Reduction of uranium on the surface of magnetite
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where 𝑓!"!#$!"(!) is the fraction of Pu(V) in the system (aqueous + solid phases), -krxn is the first 
order reaction rate constant, [M] is the concentration of the mineral surface, [H+] is the 
hydrogen ion concentration, and m and n are the reaction orders for mineral and hydrogen 
ion concentrations, respectively22.  In the following discussion, k’rxn
 is used to denote the 
pseudo-first-order reaction rate constant, which is determined at constant solid 
concentration and pH.  This pseudo-first-order reaction rate constant includes both the 
adsorption and reduction of Pu(V) in the system and assumes that site-limitations do not 
influence sorption and reduction kinetics. 
 Goethite, hematite, and magnetite exhibit different sorption kinetics, which is 
connected to the iron content of each of the minerals.  Goethite and hematite are both 
Fe(III)-bearing minerals and magnetite is a mixed Fe(II/III) mineral.  As discussed in 
Section 0, trace Fe(II) may facilitate the reduction of Pu(V) to Pu(IV).  Thus, increasing the 
Fe(II) content of the system should correlate to an increase in reaction (sorption + 
reduction) kinetics.  This is shown by Hixon et al.71, who observe a decrease in the rate of 
Pu(V) reduction to Pu(IV) when the concentration of Fe(II) in Savannah River Site 
sediments is decreased.  Therefore, magnetite should exhibit faster kinetics than hematite or 
goethite.  At approximately 50 m2/L of each mineral (0.30 g/L of goethite, 1.4 g/L of 
hematite, and 2.0 g/L of magnetite ) and pH 8, k’rxn for magnetite is an order of magnitude 
higher than hematite or goethite22,30. 
Figure 18 shows the relationships between k’rxn and concentrations of goethite (Panel 
A), hematite (Panel C), and magnetite (Panel E).    The k’rxn values in for goethite are  
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Figure 18.  Dependence of log k’rxn on log[solid] and log[H
+] for goethite, hematite, 
and magnetite.  Figures from Powell e t  a l . 22,30. 
 
 
overall reaction rate between these experiments and others
at pH 6.5, further demonstrating that the goethite concen-
tration does not appear to affect the overall reaction rate.
These systemsarenot expected toexhibit site limitedkinetics.
Therefore, if adsorption is not a rate-limiting step and Pu(V)
is adsorbed to a discrete site on the goethite surface, the
goethite concentration should not affect the reaction rate.
Increasing pH resulted in only a slight increase in the
overall reaction rate (Table 2). Thepseudo-first-order overall
reaction rate increased by less than a factor of 3 as the pH
increased from 5.7 to 8.0. By comparison, similar overall
reaction rates forhematite increasedby3ordersofmagnitude
within the same pH range. It is possible that the true
“reduction” rates are similar for the two minerals, but the
rate-limitingadsorptionstep tohematite leads toan increased
sensitivity to pH and a lowermeasured overall reaction rate.
Since the goethite concentration does not affect the overall
reaction rate, it canbe removed fromeq5.Theoverall reaction
rate and hydrogen ion reaction order were calculated from
the fitted line presented in Figure 10. Using these two
constants, an expression describing Pu(V) adsorption and
reduction on goethite can be written as
with krxn ) 3.0 ( 1.4 × 10-6 (mol-1 L)-0.21 s-1.
An average overall reaction rate at pH 6.5 of 6.6 ( 7.8 ×
10-5 s-1 was calculated from the data presented in Table 2.
Penrose et al. (6) obtained an observed Pu(V) reduction rate
of 6.3× 10-6 s-1 in a 50mg/L goethite solution, pH6 solution
of 0.01 M cacodylic acid and 0.1 M KNO3. The differences
between these two rates may reflect differences in solution
compositionor goethite compositionor character. Reduction
of Pu(V) by goethite inpH8 solutionshas been characterized
by X-ray adsorption near-edge spectroscopy (XANES) (19).
After 15 min, 87% of the solid phase Pu was Pu(V), and after
FIGURE 8. Total system Pu oxidation state distribution at (a) pH 6.47
( 0.02 and (b) pH 7.96 ( 0.05. [r-FeOOH] ) 20 m2 L-1; 0.01 M NaCl;
added [Pu(V)aq]) 1.5× 10-8M. Error bars represent a 95%confidence
level based upon error propagation of counting statistics.
FIGURE 9. Solid-phase Pu oxidation state distribution on goethite
at (a) pH 6.47 ( 0.02, [r-FeOOH] ) 20 m2 L-1, and (b) 7.96 ( 0.05,
[r-FeOOH] ) 50 m2 L-1. 0.01 M NaCl; added [Pu(V)aq] ) 1.5 × 10-8
M. Error bars represent a 95% confidence level based upon error
propagation of counting statistics.
TABLE 2. Adsorption and Reduction Rate Constants for Pu(V)
Interaction with Goethite
pH
[r-FeOOH]
m2L-1
apparent
adsorption
rate constant
k!ads (s-1)a
apparent
reaction rate
constant
k!rxn (s-1)b
2.94 ( 0.06 50.0 ( 1.2 no adsorption no reduction
5.69 ( 0.29 101.5 ( 1.5 8.5 ( 0.37 × 10-5 4.7 ( 0.5 × 10-5
6.47 ( 0.04 20.5 ( 2.2 9.1 ( 0.9 × 10-5 6.2 ( 1.1 × 10-5
6.47 ( 0.02 48.3 ( 4.1 9.0 ( 1.60 × 10-5 7.2 ( 1.6 × 10-5
6.66 ( 0.16 101.1 ( 1.6 8.1 ( 0.65 × 10-5 5.8 ( 1.7 × 10-5
6.54 ( 0.03 300.5 ( 7.6 >2.0 × 10-3 c 6.3 ( 1.1 × 10-5
6.56 ( 0.02 502.2 ( 7.1 >3.0 × 10-3 c 7.7 ( 1.4 × 10-5
8.09 ( 0.12 20.9 ( 0.9 2.5 ( 0.37 × 10-4 1.3 ( 0.4 × 10-4
7.96 ( 0.05 51.0 ( 2.2 >1.0 × 10-3 c 1.3 ( 0.3 × 10-4
7.75 ( 0.13 100.0 ( 1.6 >5.0 × 10-2 c 1.4 ( 0.4 × 10-4
a See Table 1. b See Table 1. c >90% adsorption observed in <15
min. Value reported represents the slope of the initial and first data
points for each experiment.
FIGURE 10. Dependence of log k!rxn on log[H+]. [H+] reaction order
term, n, calculated via eq 6; n ) -0.21 ( 0.04; krxn ) 3.0 ( 1.4 ×
10-6 (mol-1 L)-0.21 (s-1); R2 ) 0.924. Each data point is based on
approximately 10 observations.
df aq+solid
Pu(V)
dt
) -krxnf aq+solid
Pu(V) [H+]-0.21(0.04 (7)
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fastest adsorption kinetics. The difference between k!ads and
k!rxn suggests that the rate-limiting effects of Pu adsorption
are less subtle in thes systems.Theadsorption rate constants
were calcul ted based upon he loss of Pu from the aqueous
phase using eq 4, and the overall reaction rate constants
were based upon the loss of Pu(V) from the system using eq
5. Thus, these two rate constants were calculated from
different data sets and can be compared without bias.
A plot of k!rxn versus hematite concentration for the three
data sets near pH 8 is shown in Figure 6. The slope of the
line in Figure 6 represents the hematite reaction orderm (eq
5). The slope was found to be 2.08 ( 0.32, indicating
approximately second-order kinetics with respect to the
hematite concentration. The calculated hematite reaction
order term was used to normalize all of the pseudo-first-
order overall reaction rates to the respective hematite
concentration. These normalized rate constants are plotted
against log [H+] in Figure 7. The hydrogen ion reaction order
term n was -0.39 ( 0.05 (eq 5), indicating a relatively weak
influence of pH on the reaction rate. The hematite reaction
order, in terms of [H+], measured here is similar to the value
of -0.34 ( 0.02 measured for Pu reduction by magnetite in
previous studies (20). The negative value of the hydrogen
ion reaction order term indicates that the reaction rate
increases with increasing pH. Since adsorption is the rate-
limiting step in these systems, this increasing reaction rate
represents the increased attraction of PuO2+ as the hematite
surface becomes more negative with increasing pH. The
intercept of the line shown in Figure 7 yielded an overall
reaction rate constant krxn. Combining the data discussed
above, the reduction of Pu(V) by synthetic hematite in the
pH range of 4.6-7.9 can be described by
with krxn) 1.75( 2.05× 10-10 (m-2 L)-2.08 (mol-1 L)-0.39 (s-1).
This rate is 2 orders of magnitude lower than that measured
for Pu(V) adsorption and reduction by synthetic magnetite
(20).
Reduction of Pu(V) by Goethite. The kinetics of Pu(V)
reductionby goethitewere studied in 20-500m2L-1 goethite
solutions in the pH range of 3-8. The total system oxidation
state distribution of Pu in goethite solutions at pH 6.47 (
0.02andpH7.96(0.05 is shown inFigure8.Aswithhematite,
there was a decrease in the Pu(V) fraction in the goethite
systemwith a corresponding increase in the Pu(IV) fraction,
and no adsorption or reduction of Pu(V) was observed in
systems at pH 3 (Figure 3). Additionally, no Pu(IV) was
observed in the aqueous phase, regardless of pH (data not
shown). Th s, it can be concluded that reduction is surface
mediated by both goethite and hematite.
A significant fraction of the Pu adsorbed to goethite was
Pu(V), indicating that adsorption may not be a rate-limiting
step for Pu(V) reduction by goethite (Figure 9). This is likely
due to the relatively fast adsorption kinetics for Pu(V) on
goethite s comp red tohematite. The solid-phaseoxidation
state distribution was found by s btracting the aqueous-
phase Pu distribution from the total system data shown in
Figure 8. At pH 7.95, most of the Pu(V) was rapidly adsorbed
to goethite and then slowly reduced to Pu(IV) (Figure 9b).
Similar resultswereobtainedatpH6.47, althoughadsorption
of Pu(V) to goethite was slower.
The influence of pH andmineral concentration on Pu(V)
reduction by goethite are far more subtle than for hematite.
Table 2 lists the pseudo-first-order adsorption rate constant,
k!ads, and pseudo-first-order overall reaction rate constant,
k!rxn, obtained for each system. Goethite concentrations of
20.9, 51.0, and 100.0 m2 L-1 near pH 8 yielded similar overall
reaction rates. The same effect was observed for systems
around pH 6.5 for goethite concentrations ranging from 20
to 500 m2 L-1. Experiments were run at goethite concentra-
tions of 300 and 500 m2 L-1 in an effort to favor more rapid
adsorption. In both cases>90% adsorption occurred within
the first 15min andwas too rapid to calculate an adsorption
rate. However, there was no significant difference in the
FIGURE 5. Solid-phase Pu oxidation state distribution on hematite
at (a) pH 6.09 ( 0.02 and (b) pH 7.74 ( 0.05. [r-Fe2O3] ) 10 m2 L-1;
0.01 M NaCl; added [Pu(V)aq] ) 1.5 × 10-8 M.
FIGURE 6. Dependence of log k!rxn on log[r-Fe2O3]. [r-Fe2O3]
reaction order term, m, based on eq 5; m ) 2.08 ( 0.32, R2 ) 0.994.
Each data point is generated from approximately 10 observations.
FIGURE 7. Dependence of log k!rxn on log[H+]. [H+] reaction order
term, n, calculated via eq 5; n ) -0.39 ( 0.05; krxn ) 1.75 ( 2.05
× 10-10 (m-2 L)-2.08 (mol-1 L)-0.39 (s-1); R2 ) 0.967. Each data point
is generated from approximately 10 observations.
df aq+solid
Pu(V)
dt
) -krxnf aq+solid
Pu(V) [R-Fe2O3]
2.08(0.32[H+]-0.39(0.05
(6)
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fastest adsorption kinetics. The difference between k!ads and
k!rxn suggests that the rate-limiting effects of Pu adsorption
are less subtle in these systems.Theadsorption rate constants
were calculated based upon the loss of Pu from the aqueous
phase using eq 4, and the overall reaction rate constants
were based upon the loss of Pu(V) from the system using eq
5. Thus, these two rate constants were calculated from
different data sets and can be compared without bias.
A plot of k!rxn versus hematite concentration for the three
data sets near pH 8 is shown in Figure 6. The slope of the
line in Figure 6 represents the hematite reaction orderm (eq
5). The slope was found to be 2.08 ( 0.32, indicating
approximately second-order kinetics with respect to the
hematite concentration. The calculated hematite reaction
order term was used to normalize all of the pseudo-first-
order overall reaction rates to the respective hematite
concentration. These normalized rate constants are plotted
against log [H+] in Figure 7. The hydrogen ion reaction order
term n was -0.39 ( 0.05 (eq 5), indicating a relatively weak
influence of pH on the reaction rate. The hematite reaction
order, in terms of [H+], measured here is similar to the value
of -0.34 ( 0.02 measured for Pu reduction by magnetite in
previous studies (20). The negative value of the hydrogen
ion reaction order term indicates that the reaction rate
increases with increasing pH. Since adsorption is the rate-
limiting step in these systems, this increasing reaction rate
represents the increased attraction of PuO2+ as the hematite
surface becomes more negative with increasing pH. The
intercept of the line shown in Figure 7 yielded an overall
reaction rate constant krxn. Combining the data discussed
above, the r duction of Pu(V) by synthetic hematite in the
pH range of 4.6-7.9 can be described by
with krxn) 1.75( 2.05× 10 10 (m-2 L)-2.08 (mol-1 L)-0.39 (s-1).
This rate is 2 orders of magnitude lower than that measured
for Pu(V) adsorption and reduction by synthetic magnetite
(20).
Reduction of Pu(V) by Goethite. The kinetics of Pu(V)
reductionby goethitewere studied in 20-500m2L-1 goethite
solutions in the pH range of 3-8. The total system oxidation
state distribution of Pu in goethite solutions at pH 6.47 (
0.02andpH7.96(0.05 is shown inFigure8.Aswithhematite,
there was a decrease in the Pu(V) fraction in the goethite
systemwith a corresponding increase in the Pu(IV) fraction,
and no adsorption or reduction of Pu(V) was observed in
systems at pH 3 (Figure 3). Additionally, no Pu(IV) was
observed in the aqueous phase, regardless of pH (data not
shown). Thus, it can be concluded that reduction is surface
mediated by both goethite and hematite.
A significant fraction of the Pu adsorbed to goethite was
Pu(V), indicating that adsorption may not be a rate-limiting
step for Pu(V) reduction by goethite (Figure 9). This is likely
due to the relatively fast adsorption kinetics for Pu(V) on
goethite as compared tohematite. The solid-phaseoxidation
state distribution was found by subtracting the aqueous-
phase Pu distribution from the total system data shown in
Figure 8. At pH 7.95, most of the Pu(V) was rapidly adsorbed
to goethite and then slowly reduced to Pu(IV) (Figure 9b).
Similar resultswereobtainedatpH6.47, althoughadsorption
of Pu(V) to goethite was slower.
The influence of pH andmineral concentration on Pu(V)
reduction by goethite are far more subtle than for hematite.
Table 2 lists the pseudo-first-order adsorption rate constant,
k!ads, and pseudo-first-order overall reaction rate constant,
k!rxn, obtained for each system. Goethite concentrations of
20.9, 51.0, and 100.0 m2 L-1 near pH 8 yielded similar overall
reaction rates. The same effect was observed for systems
around pH 6.5 for goethite concentrations ranging from 20
to 500 m2 L-1. Experiments were run at goethite concentra-
tions of 300 and 500 m2 L-1 in an effort to favor more rapid
adsorption. In both cases>90% adsorption occurred within
the first 15min andwas too rapid to calculate an adsorption
rate. However, there was no significant difference in the
FIGURE 5. Solid-phase Pu oxidatio state distribution on hematite
at (a) pH 6.09 ( 0.02 and (b) pH 7.74 ( 0.05. [r-Fe2O3] ) 10 m2 L-1;
0.01 M NaCl; added [Pu(V)aq] ) 1.5 × 10-8 M.
FIGURE 6. Dependence of log k!rxn on log[r-Fe2O3]. [r-Fe2O3]
reaction order term, m, based on eq 5; m ) 2.08 ( 0.32, R2 ) 0.994.
Each data point is generated from approximately 10 observations.
FIGURE 7. Depend nce of log k!rxn on log[H+]. [H+] reaction order
term, n, calculated via eq 5; n ) -0.39 ( 0.05; krxn ) 1.75 ( 2.05
× 10-10 (m-2 L)-2.08 (mol-1 L)-0.39 (s-1); R2 ) 0.967. Each data point
is gen rated from approximately 10 observations.
df aq+solid
Pu(V)
dt
) -krxnf aq+solid
Pu(V) [R-Fe2O3]
2.08(0.32[H+]-0.39(0.05
(6)
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ofPu(VI) toPu(V) in0.01MNaCl. Therefore, ferric and ferrous
iron present significant pathways for redox transformations
of Pu. The concentrations of both iron oxidation states were
far greater than the tracer level Puused in these experiments.
Pu(VI) could be produced by oxidation of Pu(V) by Fe(III).
However, Pu(VI) is unstable in 0.01 M NaCl and will be
reduced to Pu(V) within a few days, as described in the
Materials andMethods section. Pu(V) couldbe subsequently
reduced to Pu(IV) through an electron transfer from Fe(II).
There is a significant amount of Pu(VI) even after several
days (Figure 8). Since Pu(VI) reduces to Pu(V) in 0.01MNaCl
within a few days, Pu(VI) must be constantly produced in
this system. Thus, the oxidation rate of Pu(V) to Pu(VI) must
be greater than the reduction rate of Pu(VI) to Pu(V).
Oxidation of Pu(V) to Pu(VI) by Fe(III) does not involve
breaking the axial oxygenbonds of Pu(V)O2+while reduction
of Pu(V) to Pu(IV) by Fe(II) does. Destruction or formation
of these axial oxygen bonds requires an increased energy for
Pu(IV)-Pu(V) redox transformations relative to Pu(V)-Pu(VI)
reactions. This energy requirement may be a factor in the
slower reduction rateofPu(V)proposed in theseexperiments.
Initially there was a rapid ingrowth of Pu(IV) up to around
5000minutes (3.5 days), and thena change in theproduction
rate was observed, which coincided with a decrease in the
Fe(II) concentration. Both systems appear to reach a steady
state around 7dayswhere there is approximately 50%Pu(IV)
and 50% Pu(VI). At the end of the experiment most of the
ferrous iron had been oxidized to Fe(III). Therefore the
reduction of Pu(V) to Pu(IV) stopped. However, sufficient
Fe(III) in the system maintained Pu in the hexavalent state.
As Fe(III) is not capable of oxidizingPu(IV) toPu(V), a steady-
state concentration is maintained.
Calculation of Rate Expression for Pu(V) Reduction by
Magnetite. A rate expression was developed for Pu(V)
adsorption and reduction by synthetic magnetite using the
apparent pseudo-first-order overall reaction rate constants
in Table 2. Amagnetite re ction order term,m, of 0.99( 0.03
was obtai ed from a plot of log k!rxn,H+ versus log [Fe3O4] at
pH 7.95( 0.04 (Figure 9). This indicates approximately first-
order kinetics with respect to magnetite. A plot of the
depen nceof log [ +] onPu(V) reduction kinetics (reac ion
order term n) is shown in Figure 10. Due to th different
reaction mechanism at pH 3, only the data for the pH range
5 to 8 were used in this calculation. The slope of the
relationship represents the pH reaction order term, n, of
-0.34 ( 0.02. This reflects a relatively weak influence of pH
on the reduction rate. The negative dependence of pH on
the reaction rate reflects the changing affinity of Pu(V) for
themagnetite surfacewith increasingpH.As thepH increases
the magnetite surface becomes more negative, allowing for
a greater attraction of cationic Pu(V)O2+. Using the observed
reaction order terms, the reduction of Pu(V) bymagnetite in
the pH range 5 to 8 and magnetite concentration 10 to 100
m2 L-1 can be described by
with krxn ) 4.79 ( 0.62 × 10-8 (m-2 L)0.99(mol-1 L)-0.34(s-1).
Reduction of Pu(V) by magnetite within this pH range
occurs through adsorption of Pu(V) to magnetite followed
by reduction of the surface bound Pu(V) species to Pu(IV).
The overall reaction rate was found to be first order with
respect to [Fe3O4] and of order -0.34 with respect to [H+].
In the pH range 5 to 8, reduction is surface mediated, and
adsorption is a rate-limiting step in the overall adsorption/
reduction sequence. At pH 3, aqueous-phase reduction and
oxidation of Pu(V) was observed in the system. It is
hypothesized that aqueous dissolved Fe(II) and Fe(III) was
responsible for Pu(V) oxidation and reduction. This hypoth-
FIGURE 8. Oxidation state distribution of (a) 238Pu and (b) 239Pu in
5mg/L Fe solutions at pH 3 under Ar(g) atmosphere. Ironwas initially
added as Fe(II) and was slowly oxidized over the next 30 days. Pu
was initially added as Pu(V).
FIGURE 9. Dependence of log k!rxn on log [Fe3O4] at pH 7.95 ( 0.04.
([Fe3O4] reaction order term m ) 0.99 ( 0.03 (eq 6); R2 ) 0.999.
FIGURE 10. Dependence of log k!rxn on log [H+]. ([H+] reaction order
termn)-0.34( 0.02 (eq 6), krxn) 4.79( 0.62× 10-8 (m-2 L)0.99(mol-1
L)-0.34(s-1) (eq 6); R2 ) 0.996).
-
df aq+solid
Pu(V)
dt
) krxnf aq+solid
Pu(V) [Fe3O4]
0.99(0.03[H+]-0.34(0.02 (12)
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ofPu(VI) toPu(V) in0. 1MNaCl. Therefore, fer ic and ferrous
iron present significant pathways for redox transformations
of Pu. The concentrations of both iron oxidation states were
far greater than the tracer level Puused in these experiments.
Pu(VI) could be produced by oxidation of Pu(V) by Fe(III).
However, Pu(VI) is unstable in 0.01 M NaCl and will be
reduced to Pu(V) within a few days, as described in the
Materials andMethods section. Pu(V) couldbe subsequently
reduced to Pu(IV) through an electron transfer from Fe(II).
There is a significant amount of Pu(VI) even after several
days (Figure 8). Sinc Pu(VI) reduces to Pu(V) in 0.01MNaCl
within a few days, Pu(VI) must be c nstantly produced in
this system. Thus, the oxidation rate of Pu(V) to Pu(VI) must
be greater than the reduction rate of Pu(VI) to Pu(V).
Oxidation of Pu(V) to Pu(VI) by Fe(III) does not involv
breaking the axial oxygenbonds of Pu(V)O2+while reduction
of Pu(V) to Pu(IV) by Fe(II) does. Destruction or formation
of these axial oxygen bonds requires an increased energy for
Pu(IV)-Pu(V) redox transformations elative to Pu(V)-Pu(VI)
reactions. This en gy requireme t may be a factor in th
slower reduction rat ofPu(V)proposed in theseexperiments.
Initially there was a rapid ingrowth of Pu(IV) up to round
5000minutes (3.5 days), and thena change in theproduction
rate was obs rved, which c incided with a d crease in th
Fe(II) concentration Both syst ms appear to reach a ste dy
sta e around 7dayswhere th re is approximately 50%Pu(IV)
and 50% Pu(VI). At the end of the experiment most of the
ferrous iron had been oxidized to Fe(III). Therefore the
reduction of Pu(V) to Pu(IV) stopped. However, sufficient
Fe(III) in the system maintained Pu in the hexavalent state.
As Fe(III) is not capable of oxidizingPu(IV) toPu(V), a steady-
state concentration is maintained.
Calculation of Rate Expression for Pu(V) Reduction by
Magnetite. A rate expression was developed for Pu(V)
adsorption and reduction by synthetic magnetite using the
pparent p eudo-first-order over ll reaction rate constants
in Table 2. Amagnetite reaction orde term,m, of 0.99( 0.03
was obtained from a plot of log k!rxn,H+ versus log [Fe3O4] at
pH 7.95( 0.04 (Figure 9). This indicates approximately first-
order kinetics with respect to magnetite. A plot of the
depend nceof log [H+] onPu(V) reduction kinetics (reaction
order term n) is shown in Figure 10. D e to the different
reaction mechanism at pH 3, only the data for the pH range
5 to 8 were used in this calculation. The slope of the
relationship represents the pH reaction order term, n, of
-0.34 ( 0.02. This r flects a rela ively weak infl ence of pH
on the reduction rate. The negative dependence of pH on
the reaction rate reflects the changing affinity of Pu(V) for
themagnetite surfacewith increasingpH.As thepH increases
the ma netit surface becom s more negative, allowing for
a greater ttrac ion of cationic Pu(V)O2+. Using the observed
reaction order terms, the reduction of Pu(V) bymagnetite in
the pH range 5 to 8 and magnetite concentration 10 to 100
m2 L-1 can be described by
with krx ) 4.79 ( 0.62 × 0-8 (m-2 L)0.99(mol-1 L)-0.34(s-1).
Re uctio of Pu(V) by magnetite within this pH range
occurs through adsorption of Pu(V) to m gnetite f llowed
by reduction of the surface bound Pu(V) species to Pu(IV).
The overall reaction rate was found to be first order with
respect to [Fe3O4] and of order -0.34 with respect to [H+].
In the pH range 5 to 8, reduction is surface mediated, and
adsorption is a rate-limiting step in the overall adsorption/
reduction sequence. At pH 3, aqueous-phase reduction and
oxidation of Pu(V) was observed in the system. It is
hypothesized that aqueous dissolved Fe(II) and Fe(III) was
responsible for Pu(V) oxidation and reduction. This hypoth-
FIGURE 8. Oxidation state distribution of (a) 238Pu and (b) 239Pu in
5mg/L Fe solutions at pH 3 under Ar(g) atmosphere. Ironwas initially
added as Fe(II) and was slowly oxidized ver the ext 30 days. Pu
was initially added as Pu(V).
FIGURE 9. Dependence of lo n on log [Fe3O4] at pH 7.95 ( 0.04.
([Fe3O4] reaction order term m 0.99 0.03 (eq 6); R2 ) 0.999.
FIGURE 10. Dependence of log k!rxn o log [H+]. ([H+] reaction order
termn)-0.34( 0.02 (eq 6), krxn) 4.79( 0.62× 10-8 (m-2 L)0.99(mol-1
L)-0.34(s-1) (eq 6); R2 ) 0.996).
-
df aq+solid
Pu(V)
dt
) krxnf aq+solid
Pu(V) [Fe3O4]
0.99(0.03[H+]-0.34(0.02 (12)
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relatively constant, which leads to the assumption that there is no dependence of the 
reaction rate on the solid-phase concentration for goethite.  Increasing the mineral 
concentration increases the number of surface sites available for sorption but does not affect 
the reduction of plutonium.  Because reduction is the rate-limiting step for Pu(V)  
interactions with goethite (see discussion below) and increasing the goethite concentration 
does not affect the reduction rate of plutonium, increasing the goethite concentration does 
not affect the k’rxn.  In contrast, k’rxn exhibits a dependence on both hematite and magnetite 
concentration.  As discussed below, the rate-limiting step for Pu(V) interactions with these 
two minerals is sorption.  Therefore, increasing the mineral concentration artificially 
increases the sorption rate and k’rxn is faster. 
The pseudo-first-order reaction rate constant is also related to the pH of the system 
(Panels B, D, and F of Figure 18).  Equations 33-35 show the rate laws for Pu(V) sorption to 
goethite, hematite, and magnetite, respectively: 
 
!!!"!#$!"(!)!" = −k!"#,!"#$%&$#f!"!#$!" ! [H!]!!.!"±!.!"  (33) 
!!!"!#$!"(!)!" = −k!"#,!"#$%&%"f!"!#$!" ! α− Fe!O! !.!"±!.!"[H!]!!.!"±!.!"  (34) 
!!!"!#$!"(!)!" = −k!"#,!"#$%&'&%f!"!#$!" ! Fe!O! !.!!±!.!"[H!]!!.!"±!.!"  (35) 
 
The pseudo-first-order reaction rate constants are as follows: krxn,goethite = (3.0 ± 1.4) x 10
-6 
(mol-1 L)-0.21 (s-1); krxn,hematite = (1.75 ± 2.05) x 10
-10 (m-2 L)-2.08 (mol-1 L)-0.39 (s-1); and krxn,magnetite = 
(4.79 ± 0.62) x 10-8 (m-2 L)0.99 (mol-1 L)-0.34 (s-1).  These equations, which are used to 
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determine the reaction order with respect to [H+] and the k’rxn terms, show that the reaction 
of Pu(V) with goethite has the lowest  dependence on H+ concentration and the reaction of 
Pu(V) with hematite has the greatest dependence on H+ concentration of the iron 
(oxyhydr)oxide minerals studied.  Oxidation state distributions of plutonium associated with 
goethite illustrate that Pu(V) is a significant surface species22.  Therefore, reduction is the 
rate-limiting step for plutonium interactions with goethite.  This indicates that Pu(V) is 
rapidly sorbed to goethite and subsequently slowly reduced to Pu(IV).  The pseudo-first-
order reaction rate constants also increase as the pH is increased in systems containing 
constant hematite or magnetite concentration.  However, the changes are more dramatic 
than that for goethite systems.  Oxidation state distributions of plutonium associated with 
hematite and magnetite show that Pu(IV) is the dominant species and that Pu(IV) reduces 
quickly to Pu(IV) after sorption to the solid surface22,30, consistent with sorption as the rate-
limiting reaction for hematite and magnetite.  In addition, the pseudo-first-order adsorption 
rate constants (k’ads) for plutonium sorption to hematite and magnetite are on the same order 
of magnitude as k’rxn 
22,30.  Therefore, sorption is the rate-limiting step for Pu(V) interactions 
with hematite and magnetite.  This indicates that Pu(V) is slowly sorbed to hematite and 
magnetite, but once sorbed quickly reduces to Pu(IV).  Rapid sorption of Pu(V) to goethite 
relative to hematite and magnetite indicates that some sorption site on the goethite surface is 
more energetic than those on the other two iron (hydr)oxide minerals.  Experiments utilizing 
spectroscopy are needed to determine exactly what these sites are. 
 Romanchuk et al.28 reported rate constants for Pu(VI) sorption to hematite colloids.  
At pH 4.9, 3.63 x 10-9 M Pu(VI), and 11 m2/L (0.31 g/L) hematite, the sorption rate constant 
is found to be 5.05 x 10-5 s-1.  Under similar conditions (i.e., pH 4.90 ±0.07 and 9.9 ± 0.3 
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m2/L (0.27 ± 0.08 g/L) hematite), Powell et al.22 report a first-order apparent adsorption rate 
constant of (2.30 ± 0.18) x 10-6 s-1.  As discussed above, sorption is the rate-limiting step for 
Pu(V) interactions with hematite.  Interestingly, reduction is the rate-limiting step for Pu(VI) 
interactions with hematite28.  Romanchuk et al. hypothesized that Pu(VI) sorbs quickly to the 
hematite surface and is reduced slowly to Pu(IV).  Because oxidation state measurements 
were not performed, it is possible that autoreduction of Pu(VI) to Pu(V) occurred in the 
aqueous phase with subsequent sorption of Pu(V) to hematite and surface-mediated 
reduction of Pu(V) to Pu(IV), consistent with the observations of Powell et al.22. 
 In any case, it is clear that plutonium added as Pu(V) or Pu(VI) will reduce to Pu(IV) 
and sorb to iron (oxyhydr)oxide minerals, if present in the environment.  However, it is still 
unclear as to the specific mechanism(s) responsible for this behavior. 
Plutonium Sorption to Manganese Oxide Minerals 
Both oxidation and reduction of plutonium is observed on manganese oxide minerals.  
Shaughnessy et al.25 studied the sorption of Pu(VI) to hausmannite and manganite.  In 
general, sorption increases over the pH range 3-8 followed by a decrease in sorption from 
pH 8-10.  As with the iron (oxyhydr)oxides, sorption is a two-step process.  Especially at pH 
< 8, sorption to hausmannite is greater than that for manganite.  Shaughnessy et al.25 
attribute this difference in plutonium sorption behavior to a higher surface site density on 
hausmannite than manganite.  However, using the conservative estimate of 2.3 sites/nm2 
(see Section 0), there are 5.5 x 1017 and 4.7 x 1017 sites in the manganite and hausmannite 
solutions, respectively.  This is especially conservative given that density of singly-
coordinated oxygen groups on the surface as manganite is 7.9 groups/nm2 (13 µmol/m2)79.  
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Therefore, the manganite solutions have a higher number of sites than the hausmannite 
solutions despite the fact that hausmannite has a greater surface area than manganite (see 
Table 7).  Since manganite is a Mn(II) mineral and hausmannite is a mixed Mn(II/III) 
mineral, increased sorption on hausmannite relative to manganite may be due to the Mn(II) 
present in hausmannite.  The reader is referred to the discussion in Section 0 regarding 
surface-mediated reduction via electron transfer of Mn(II).  The decrease in sorption above 
pH 8 in the presence of either manganese oxide mineral is likely due to the formation of 
plutonium carbonate or hydroxide complexes in solution. 
XANES measurements show that the plutonium associated with the hausmannite or 
manganite solid phase is a mixture of Pu(IV) and Pu(V) (see Table 18).  Optical absorption 
spectra show the presence of Pu(V) in solution within 24 hours, but no Pu(IV) is observed25.    
This indicates that Pu(VI) is reduced to Pu(V) in solution, which then undergoes surface-
mediated reduction to Pu(IV).  Pu(V) is not reduced to Pu(IV) in solution.  Furthermore, the 
best fits for EXAFS measurements indicate that Pu(IV) forms an inner-sphere complex with 
the hausmannite or manganite surface25.  There was no evidence of Pu-Pu interactions in the 
EXAFS spectra, so precipitation or colloid formation of plutonium on the surface is 
unlikely. 
As shown in Figure 19, the sorption of Pu(IV) to birnessite and cryptomelane is 
similar13.  Sorption increases with increasing pH and complete sorption occurs at pH 5 and 6 
for birnessite and cryptomelane, respectively.  In the presence of both minerals, a slight 
decrease in sorption is observed above pH 8 due to the formation of aqueous plutonium 
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Table 18.  XANES plutonium oxidation state distribution associated with manganite 
and hausmannite surfaces from a Pu(VI) solution after 24 hours25. 
Mineral pH 
Pu(IV) 
% 
Pu(V) 
% 
Pu(VI) 
% 
Manganite 5 68 32 0 
Manganite 8 55 35 10 
Manganite 10 66 32 2 
Hausmannite 5 71 29 0 
Hausmannite 8 58 36 6 
Hausmannite 10 62 38 0 
 
carbonate complexes.  At pH 4, 94% and 99% of Pu(IV) is oxidized to Pu(V/VI) in the 
birnessite and cryptomelane, respectively, in the aqueous phase.  In solutions containing 
birnessite, the fraction of aqueous plutonium remaining as Pu(IV) increases with increasing 
pH.  This means that the amount of plutonium being oxidized from Pu(IV) to Pu(V/VI) 
decreases with increasing pH.   As the pH increases, hydrolysis of Pu(IV) may provide an 
energetic barrier preventing oxidation of Pu(IV) to Pu(V/VI).  A similar decrease in the 
oxidation of Pu(IV) on birnessite with increasing pH was observed by Morgenstern and 
Choppin12.  At low pH, where sorption to birnessite is low, aqueous plutonium exists as 
Pu(V/VI).  As the pH of the system increases, the fraction of plutonium associated with the 
birnessite increases due to larger amounts of Pu(IV) in the aqueous phase.  These results 
indicate that birnessite and cryptomelane are capable of oxidizing Pu(IV) to Pu(V/VI) 
provided that the pH of the system is sufficiently low for the oxidized species to partition to 
the aqueous phase where they can remain stable.  However, plutonium, which remains with 
the solid phase, appears to be predominantly Pu(IV), demonstrating the strong favorability 
of Pu(IV) surface complexes even on these oxidizing surfaces.  Similar results were observed 
by Powell et al.32 on pyrolusite as discussed below. 
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Figure 19.  Sorption of Pu(IV) to (a) birnessite and (b) cryptomelane as a function of 
pH and time13. 
 
Although steady-state is achieved within 19 days in the presence of both birnessite 
and cryptomelane, the rate of sorption is slower at pH 3-7 than at pH >7.  Zhao et al.13 
hypothesize that the change in sorption rate with pH is related to changes in plutonium 
oxidation state, as discussed above.  Both birnessite and cryptomelane contain Mn(IV) in 
their mineral structures, which may oxidize Pu(IV) to Pu(V/IV).  Birnessite may also contain 
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Figure 17. Pu sorption to (a) birnessite, (b) cryptomelane, and (c) pyrolusite as 
functions of pH and time. 
 
(a) 
(b) 
(c) 
 86 
Mn(III), which could oxidize plutonium.  Although cryptomelane contains Mn(II) in it’s 
crystal structure, which may reduce plutonium, the fraction is low relative to the amount of 
Mn(IV).  In addition, the amount of Mn(III/IV) present is equivalent for birnessite and 
cryptomelane at the concentrations used in these experiments.  Therefore, the redox 
behavior of plutonium observed in these systems may be related to the oxidation state of 
manganese in each mineral phase.  The reader is referred to Section 0 for further discussion 
on this surface-mediated redox mechanism.   The rate of sorption at low pH may be slower 
than high pH because plutonium sorbing as Pu(IV) is oxidized by the surface to Pu(V/VI), 
which then partitions into the aqueous phase.  At high pH, less oxidation occurs, which 
means that there is less Pu(V/VI) formed at the surface that that is available to partition 
back into the aqueous phase. 
Morgenstern and Choppin12 studied Pu(IV) sorption in the presence of birnessite at 
low pH (i.e., 2.0-3.5).  Pu(IV) sorption is rapid and steady-state is achieved within several 
hours.  Figure 21 shows that a decrease in the fraction of Pu(IV) correlates with an increase 
in Pu(V) and Pu(VI) in the total system (aqueous and solid phases) at low pH.  The final 
oxidation state distribution is 60% Pu(V) and 20% Pu(IV/VI) at a birnessite concentration 
of 2.08 x 10-2 m2/L (1.27 x 10-4 g/L) 12.  This provides circumstantial evidence of surface-
mediated oxidation of Pu(IV); the oxidation state distribution for no-solid samples showed 
that 7.2% and 6.6% of Pu(IV) was oxidized to Pu(V) and Pu(VI), respectively after 7 days.  
Rate constants for the oxidation of plutonium on birnessite at acidic pH range from 7.33 x 
10-7 (s-1) to 2.82 x 10-5 (s-1) 12. 
As seen in Figure 22, the oxidation state distribution at pH 8 is very different.  
Although there is still a decrease in the fraction of Pu(IV) in the system that is accompanied 
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by an increase in the fraction of Pu(V) and Pu(VI), Pu(IV) remains the dominant oxidation 
state.  Solutions containing no manganese dioxide did not indicate significant oxidation of 
plutonium.  Therefore, oxidation in solutions containing manganese oxide is surface-
mediated.  XANES spectra show that Pu(IV) is the dominant oxidation state on birnessite at 
pH 8 regardless of whether plutonium is added as Pu(IV) or Pu(V)63,164.   Therefore, the 
oxidized plutonium present in these systems appears to be stabilizing by partitioning to the 
aqueous phase as discussed above. 
Morgernstern and Choppin12 attribute the difference in oxidation state distribution 
between acidic and neutral conditions to the formation of the neutral Pu(OH)4 aqueous 
hydrolysis products at neutral pH (see Figure 2a) and hypothesize that surface-mediated 
oxidation is more thermodynamically favored under acidic than neutral conditions.  The 
average rate constant for this oxidation is 1.40 x 10-5 (s-1) 12.  The reaction was found to be of 
order 0.90 ± 0.02 and 0.97 ± 0.03 with respect to birnessite at pH 3 and 8, respectively.  
Therefore, despite the fact that the rate constants at acidic and neutral pH were determined 
at different birnessite concentrations, we can observe that the oxidation rate of plutonium by 
birnessite increases from pH 2-3.5 and then decreases at pH 8 (i.e., 7.33 x 10-7 s-1 - 2.82 x 10-5 
s-1 at pH 2.5-3 and 1.40 x 10-5 s-1 at pH 8). 
Keeney-Kennicutt and Morse11 studied the interactions of Pu(V) with birnessite.  
The fraction of plutonium associated with the solid phase increased with increasing 
equilibration time.  Oxidation state analyses show that plutonium associated with the solid 
phase is initially 2% Pu(IV), 82% Pu(V), and 16% Pu(VI) at circumneutral pH.  This 
suggests that net oxidation occurs immediately after plutonium is introduced to the system, 
although the oxidation state distribution of the initial Pu(V) stock is not provided.  As 
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shown in Figure 20, as the equilibration time of the system increases, the fraction of Pu(V) 
associated with the birnessite surface decreases and there is a corresponding increase in the 
fraction of Pu(IV) and Pu(VI).  The distribution of plutonium associated with the solid 
phase after 64 days is approximately 28% Pu(IV), 56% Pu(V), and 16% Pu(VI).  This 
indicates disproportionation of Pu(V) to Pu(IV) and Pu(VI) may occur at the birnessite 
surface.  Reduction of plutonium in this system may also be due to Mn(III) in the birnessite 
structure or trace amounts of Mn(II).  
Greater sorption to birnessite is observed in samples containing deionized water 
equilibrated with calcite than with samples containing seawater.  Because seawater has a 
higher ionic strength than deionized water, this may indicate an ion-exchange reaction or 
perhaps a weakly bound (i.e., possibly outer-sphere) complex.  However, this differs from the 
spectroscopy results of Shaughnessy et al.25, which show inner-sphere sorption to 
 
 
Figure 20.  Change in the oxidation state distribution of plutonium associated with 
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Figure 21.  Oxidation of Pu(IV) with manganese dioxide in 1.0 M NaCl: (a) [MnO2] 
= 2.08 x 10-2 m2/L, pH 2.65; (b) [MnO2] = 5.21 x 10
-2 m2/L, pH 2.42.  Symbols: (l) 
Pu(IV), (o) Pu(V), and (r) Pu(VI) 12 
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Figure 22.  Oxidation of Pu(IV) with manganese dioxide in 1.0M NaCl at pH 8.16. 
[MnO2] = 9.58 x 10
-3 m2/L.  Symbols: (l) Pu(IV), (o) Pu(V), and (r) Pu(VI) 12 
 
hausmannite and manganite as well as studies by Lützenkirchen52 disputing the theory that 
changes in sorption behavior with increasing ionic strength is related to outer-sphere 
complexation.  The decrease in sorption may also be a result of competition by ions present 
in seawater or flocculation of birnessite, which decreases the surface area available for 
plutonium sorption11.  Oxoanions present is seawater (e.g., PO4
-3, SO4
-2, NO3
-) may also act 
as a ligand for plutonium in the aqueous phase.  These aqueous complexes, which are often 
bidentate in nature34, may not sorb to mineral surfaces due to steric constraints or because 
the complexes themselves are more thermodynamically favorable than plutonium-surface 
complexes. 
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Powell et al.32 show why both oxidation and reduction is observed on manganese 
oxide minerals.  As shown in Figure 23, at pH 2.6, approximately 60% of plutonium added 
as Pu(IV) is initially sorbed to pyrolusite.  However, with increasing equilibration time, the 
amount of plutonium associated with the solid phase decreases.  The oxidation state 
distribution of the total system (solid + aqueous phases), shown in Figure 24a, indicates a 
decrease in Pu(IV) with a corresponding increase in Pu(V/VI).  Additionally, no Pu(IV) is 
detected in the aqueous phase.   This indicates that plutonium initially sorbs to pyrolusite as 
Pu(IV) and undergoes subsequent surface-mediated oxidation to Pu(V/VI), which partitions 
back into the aqueous phase. 
Plutonium behaves differently at pH 8.2 (see Figure 24b).  Within 5 minutes of 
adding Pu(IV) to a solution containing pyrolusite, approximately 20% Pu(V/VI) is present in 
the total system.  This corresponds to a slight decrease in plutonium sorption (see Figure 
23).  However, with time, Pu(V/VI) repartitions to the surface and is reduced to Pu(IV), 
leading to an increase in plutonium sorption.  This indicates that, given enough time, 
plutonium associated with the pyrolusite surface and aqueous phase will be Pu(IV) and 
Pu(V/VI), respectively.  The potential mechanisms for surface-mediated oxidation and 
reduction are discussed in Section 0. 
Although pyrolusite and birnessite are both MnO2 minerals, the oxidation state 
distribution over time in solutions where plutonium is added as Pu(IV) at approximately pH 
8 is different12,32.  Morgenstern and Choppin12 observe a slight decrease in the fraction of Pu(IV) 
accompanied by a slight increase in the fraction of Pu(V/VI) in solutions containing 
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Figure 23.  Fraction of sorbed Pu versus time in 10 m2/L (4.00 ± 0.04 g/L) pyrolusite 
suspensions at varying pH levels.  Symbols: (¯) pH 2.6, (£) pH 3.4, (r) pH 4.8, 
(Í) pH 8.2.  System parameters: [NaCl] = 0.01M; initially added Pu(IV) at [Pu] = 6.1 
x 10-11M; error bars based upon propagation of liquid scintillation counting 
uncertainties32. 
 
birnessite (see Figure 22), indicating oxidation of Pu(IV) to Pu(V/VI).  In solutions 
containing pyrolusite, Powell et al.32 observe a slight increase in the fraction of Pu(IV) in the total 
system accompanied by a slight decrease in the fraction of Pu(V/VI) (see Figure 24b).  Even 
after 30 days, the oxidation state distribution remains dominated by Pu(IV).  Powell et al.32 
explain that this behavior is due to the oxidation of Pu(IV) to Pu(V/VI) and subsequent 
repartitioning of the oxidized plutonium to the pyrolusite surface and re-reduction to  
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Figure 24.  Total system Pu oxidation state distribution in 10.0 ± 0.1 m2/L (4.00 ± 
0.04 g/L) pyrolusite suspensions at pH 2.59 ± 0.04 and pH 8.22 ± 0.04.  Symbols: 
(¯) Pu(IV), (£) Pu(V), and (r) Pu(VI); error bars based upon propagation of 
liquid scintillation counting uncertainties.  System parameters: [NaCl] = 0.01M; 
initially added Pu(IV) at [Pu] = 6.1 x 10-11M 32. 
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Pu(IV).  These results suggest that in the presence of any Mn-oxide mineral, plutonium in 
the aqueous phase will be present as Pu(V/VI) whereas plutonium associated with the 
mineral surface will be Pu(IV).  However, the rate at which equilibrium is achieved will vary 
between Mn-oxide mineral phases.  Therefore, if the oxidation state distribution of 
plutonium in solutions containing birnessite were monitored over a longer time period, 
Morgenstern and Choppin12 may have observed re-reduction of Pu(V/VI) to Pu(IV).  
Powell et al.32 proposed that the difference in reactivity between birnessite and pyrolusite may 
be due to the small band gap of pyrolusite (Table 14). 
It should be noted that Zhao et al.13 observed different sorption behavior when 
investigating Pu(IV) sorption to pyrolusite.  At pH 3, <20% plutonium is sorbed and 
sorption increases with increasing equilibration time.  Oxidation state analyses indicate that 
97% of plutonium is Pu(V/VI).  Therefore, plutonium is oxidized at low pHs.  The fraction 
of plutonium sorbed to pyrolusite is three times higher in samples analyzed by Powell et al.32 
than those analyzed by Zhao et al.13 because of differences in pyrolusite concentrations.  
Regardless, oxidation of plutonium from Pu(IV) to Pu(V/VI) is observed in all samples.  At 
pH 8, plutonium exhibits near complete sorption within 24 hours13.  Because of this high 
fraction of sorbed plutonium, no increase in sorbed plutonium is observed with increasing 
equilibration time.  Oxidation state analyses indicate plutonium is predominantly Pu(IV) in 
these samples13.  This agrees well with the results of Powell et al.32 and with XANES spectra 
showing that Pu(IV) is the dominant oxidation state on pyrolusite at pH 8 when plutonium 
is added as Pu(V)63. 
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Plutonium Sorption to Silicate Minerals 
In general, plutonium sorption to quartz increases with increasing pH20,33.  Under 
acidic conditions, the fraction of plutonium sorbed to the surface is less than 50%, whereas 
100% sorption is observed above circumneutral pH.  The sorption of Pu(IV) reaches 
equilibrium within 24 hours20 while the sorption of Pu(V) exhibits slower kinetics26,33.  The 
mechanism for the slower kinetics of Pu(V) sorption to quartz relative to Pu(IV) sorption is 
hypothesized to be surface-mediated reduction of Pu(V) to Pu(IV)20.  In both systems, the 
strong sorption of plutonium is due to the negative surface charge exhibited by the quartz 
surface. 
Powell et al.20 provide the most comprehensive study of plutonium sorption to quartz 
to date.  As seen in Figure 25, the sorption edge for Pu(IV) sorption to quartz occurs at pH 
5.  Above this pH, near complete sorption is observed.  Increasing the equilibration time has 
little affect in the amount of Pu(IV) sorbed to the quartz surface20,26.  Comparatively, as seen 
in Figure 26, the sorption of Pu(V) to quartz is a slow process20,26,27,33.  The sorption edge for 
Pu(V) is observed at pH 7 after 24 hours.  However, after 62 days, the sorption curve 
resembles that of Pu(IV) sorption to quartz, indicating reduction of Pu(V) to Pu(IV).  This is 
supported by XANES spectra showing that Pu(IV) is the dominant oxidation state on quartz 
when plutonium is added as Pu(V)33,63.  There is a peak in the Fourier transform EXAFS 
spectra for quartz that is similar to the Pu-Pu interaction from the PuO2 standard, indicating 
the potential for polymer formation or surface precipitation of plutonium on the quartz 
surface63.  
In addition, plutonium colloids were observed using high-resolution TEM imaging33.  
Future research is needed to determine if the Pu(IV) observed via XANES was sorbed 
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Pu(IV), a Pu(IV) polymer, or a Pu(IV) precipitate.  Regardless, Pu(V) reduction to Pu(IV) 
occurred in these systems. 
Batch desorption experiments performed by Hixon et al.33 showed that quantitative 
desorption of Pu(IV) from the quartz surface was only achieved after leaching with 
concentrated hydrofluoric acid.  The vigor required to remove plutonium from the solid 
phase indicates a strongly-bound plutonium surface complex.  Future work using EXAFS 
will be aimed at determining the exact plutonium-quartz surface species. 
Pu(IV) sorption to quartz is not affected by the presence of carbonate20,26, which is 
interesting given the profound effect carbonate has on aqueous plutonium speciation (Figure 
2).  There are several possible explanations for this observation.  First of all, the free energy 
associated with the bonding of Pu(IV)-carbonate complexes may be sufficiently favorable to 
overcome electrostatic repulsion between the negatively charged quartz surface and 
negatively charged Pu(IV)-carbonate complexes.  Secondly, the log K value for Pu(IV) 
surface species may be higher than that of the Pu(IV)-carbonate complexes, thereby causing 
dissociation of Pu(IV)-carbonate species followed by sorption.  Lastly, the log K values for 
Pu(IV)-carbonate complexes may be incorrect due to the difficulty in measuring such 
values48. 
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Figure 25.  Sorption of Pu(IV) to quartz at 24 hours (£ , ¢) and 62 days (p).  Open 
symbols represent systems where atmosphere CO2(g) was excluded
20. 
 
 
Figure 26.  Sorption of Pu(V) to quartz at 24 hours (£ , ¢) and 62 days (p).  Open 
symbols represent systems where atmosphere CO2(g) was excluded
20. 
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Figure 3.6: Sorption of (A) Pu(IV) and (B) Pu(V) to silica at 24 hours (Ƒ, Ŷ) and 62 days (Ÿ). Open symbols 
represent systems where atmospheric CO2(g) was excluded. 
 
 
The Pu(IV) samples showed significant changes in partitioning between 24 hours and 62 days 
(CO2(g)-equilibrated samples). Between pH 5 and 9, the fraction of Pu sorbed was ~90% after 24 
hours and increased to greater than 95% after 62 days. Due to the low aqueous Pu concentration, 
oxidation state analysis of the aqueous phase could not be performed. In pH 4 to 5 suspensions, a 
slight des rption of Pu was observed between t e 24 hour and 62 days. Measurement of the 
oxidation state distribution of the aqueous Pu indicated that oxidized Pu(V/VI) was the 
predominant oxidation state (Table 3.2). The observed oxidation of Pu to aqueous Pu(V) is 
proposed to be responsible for the slight “desorption” of Pu between 24 hours and 62 days 
between pH 4 and 5.  
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As seen when comparing Figure 25 and Figure 26, Pu(V) sorption to quartz under 
CO2-free conditions is similar to the sorption edge for Pu(IV) sorption to quartz.  However, 
unlike Pu(IV), Pu(V) sorption to quartz is significantly influenced by the presence of 
carbonate above pH 8.   As seen in Figure 3, under CO2-free environments PuO2
+ 
predominates until approximately pH 10, at which point PuO2OH(aq) becomes the 
dominant species in solution.  However, when CO2 is introduced to the system, PuO2(CO3)3
-
5 is the dominant Pu(V) species above pH ~10.  This indicates that carbonate complexation 
is favored over sorption and hydrolysis (i.e., the log K value for PuO2CO3
- formation is 
greater than that for PuO2OH or =SOPuO2).  This effect is also observed for plutonium 
sorption to gibbsite, as discussed in Section 020. 
Hixon et al.33 determined the rate of Pu(V) sorption to quartz.  In a system 
containing only 242Pu at a concentration of (4.33 ± 0.02) x 10-8 M, the pseudo first-order rate 
constant was (6.52 ± 0.18) x 10-3 days-1 at pH 5 and (1.471 ± 0.006) x 10-2 days-1 at pH 7.  
These rate constants are significantly slower than those discussed in Section 0 for iron 
(oxyhydr)oxide minerals, which indicates that plutonium will preferentially sorb to iron 
(oxyhydr)oxide minerals over quartz if both are present in a mineral assemblage.  
Kersting et al.164 used XAS to determine the oxidation state and structure of 
plutonium (initially Pu(IV)) sorbed to clinoptilolite colloids.  XANES and EXAFS results 
indicate that Pu(IV) is the dominant oxidation state and that an inner-sphere complex is 
formed between the plutonium and clinoptilolite surface.  Plutonium is not precipitated on 
the surface of the colloid because no Pu-Pu interactions are present in the EXAFS spectra.  
XANES spectra of Pu(V) clinoptilolite solutions also indicate that Pu(IV) is the dominant 
oxidation state on the surface of the colloids, implying surface-mediated reduction of Pu(V) 
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to Pu(IV)63.  The Pu(IV) is also noted to be inner-spherically bound.  Desorption studies 
show that 2-8% of plutonium was desorbed from the clinoptilolite surface after 7 months164.  
This supports the XANES data indicating inner-sphere complexation.  
Plutonium sorption to carbonate minerals 
Relatively few studies have been conducted to examine plutonium sorption to carbonate 
minerals.  Of those that have been conducted, most are in support of operations at the 
Waste Isolation Pilate Plant (WIPP) near Carlsbad, New Mexico.  The soils surrounding 
WIPP are rich in carbonate minerals, which has led to research exploring plutonium sorption 
to aragonite11,16,96, calcite11,16,17,96, and dolomite19.  The sorption behavior of plutonium in the 
presence of carbonate minerals is also important for sites such as the Hanford Reservation, 
the Marshall Islands, the Nevada Test Site, and Yucca Mountain17. 
Much research has been performed looking at the interactions between carbonate 
minerals and trivalent metals, such as curium and europium.  These studies indicate that the 
trivalent metals are initially sorbed to the hydrated mineral surface and, over time, slowly 
dehydrate and incorporate into the calcite structure54,165–167.  Similar behavior has been 
observed for thorium53, neptunium168, and uranium53,169,170.  Carroll et al.53 observed the 
formation of U(VI)-CaCO3 solid solution at pH 4.3 and pH 8 when the aqueous U(VI) 
concentration was greater than the solubility of rutherfordine (UO2CO3).  At pH 4.3, the 
solid solution was similar to crystalline rutherfordine while at pH 8, the solid solution was a 
more amorphous and metastable product.  Based on backscattered electron imaging (BEI), 
Carroll et al.53 also found evidence that thorium forms a solid solution with calcite.  
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Heberling et al.171 studied the coprecipitation of neptunium with calcite, in which 
calcite crystals were grown in a neptunium-rich solution.  The neptunyl ion was found to 
occupy a calcium site with four carbonate bonds instead of the normal six utilized by 
calcium.  The lack of two Np-carbonate bonds left room for the neptunyl axial oxygens in 
the calcite structure, but also left a +3 charge that could not be accounted for.  Furthermore, 
the relaxation of the calcite structure required to accommodate the neptunyl ion would 
require a positive enthalpy of mixing, which means that the structural incorporation of 
neptunium into calcite would be thermodynamically favorable over a narrow range of 
conditions.  Heberling and coworkers168 also investigated the sorption of neptunium to 
calcite and, using EXAFS, suggested inner-sphere complex formation as the main 
mechanism for neptunium interactions with calcite.  However, they did note that at longer 
equilibrations times the Kd value decreased, indicating a partially irreversible reaction that 
could be explained by structural incorporation of neptunium.  However, they were unable to 
provide XAS evidence to support this theory. 
In an attempt to separate plutonium sorption mechanisms from plutonium 
incorporation mechanisms, Zavarin et al.17 monitored the removal of plutonium from the 
aqueous phase of calcite suspensions over two days.  The sorption of Pu(IV) and Pu(V) to 
calcite both exhibit a pH dependence over the pH range 7.5~10.  Sorption of Pu(IV) is 
characterized by ~80% sorption over the pH range 7.5-9 (Figure 27).  Above pH 9, the 
fraction of sorbed plutonium decreases due to the formation of aqueous plutonium 
carbonate complexes (see Section 0).  The sorption of Pu(V) to calcite is characterized by an 
increase in the fraction of sorbed plutonium over the pH range 7.5-9 (Figure 28).  A 
decrease in the amount of sorbed plutonium occurs above pH 9, again due to the formation 
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of aqueous plutonium carbonate complexes.  It is notable that, over the same equilibration 
time, the fraction of sorbed plutonium is higher when plutonium is added as Pu(IV) than 
when plutonium is added as Pu(V).  This indicates that Pu(IV) has a greater affinity for the 
calcite surface than Pu(V), as expected from the actinide trend discussed in Section 0, and 
may suggest that if surface-mediated reduction of Pu(V) to Pu(IV) occurs, the process 
exhibits slow kinetics.  Pu(V) may remain stable on the calcite surface.  
Data describing the sorption of Pu(V) to calcite after 7 days shows an ~50% increase 
in plutonium sorption (see Figure 28).  This may be due to incorporation of plutonium into 
the calcite structure, as described above, or it may be due to the reduction of Pu(V) to 
Pu(IV) on the calcite surface.  Zavarin et al.17 did not present any oxidation state analyses or 
spectroscopic data to distinguish between these two mechanisms.  However, Kersting et al.63 
showed complete reduction of aqueous Pu(V) to sorbed Pu(IV) using XANES. 
It is interesting to note the differences in surface sites required to fit the experimental 
sorption data.  For Pu(IV) sorption to calcite, two surface complexes are predicted to form.  
Both are Pu(IV) hydroxycarbonate species bound to a calcium-terminated surface site.  
However, Pu(V) sorption to calcite is described by a single surface complex, ≡CaCO3PuO2CO3-2.  These surface complexes are based on a reaction considering a 
calcium-terminated sorption site on the calcite surface: 
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Figure 27.  Pu(IV) sorption to calcite at 0.03% CO2(g) at 48 hours () and 7 days 
(p). Lines present total and individual species surface complexation model fits to 48 
hours data17 . 
 
 Ca+  +  Pu+4  +  2HCO3-   +  2H2O       CaCO3Pu OH 2CO3-   +  4H+  (36) 
 Ca+  +  Pu+4  +  2HCO3-   +  4H2O       CaCO3Pu OH 4CO3-   +  6H+  (37) 
 Ca+  +  PuO2+  +  2HCO3-        CaCO3PuO2CO3-2  +  2H+  (38) 
 
While Zavarin et al.17 acknowledges that the above surface complexation reactions are 
intended to imply reaction stoichiometry only and not a specific reaction mechanism, it is 
confusing that a calcium-terminated surface species would be used as the basis for the 
surface complexation model, given that Zavarin et al.17 predict that ≡CaOH2-, ≡CO3Ca+, ≡CaCO3-, and ≡CO3- will be the predominant surface sites under the conditions of the 
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Fig. 10. Np sorption to calcite at 0.03% CO2(g) at 24 hours ( ). Lines
present total and individual species SC model fits.
the result of at least three factors: (a) the surface area of cal-
cite used here is nearly three times lower, (b) a very low
Np(V) concentrations was used in Keeney-Kennicutt and
Morse [8] and could have resulted in preferential sorption
of Np(V) to higher affinity sites, and (c) the solution com-
position was significantly different. Given the limitations of
the comparison, our results are in good agreement with data
of Keeney-Kennicutt and Morse [8]. However, our data also
show that pH and carbonate alkalinity will greatly affect the
affinity of Np(V) for the calcite surface.
3.4 Pu(V) and Pu(IV) sorption
The sorption behavior of Pu(V) at 48 hours is quite simi-
lar to Np(V) (Fig. 11). The fitted reaction constant for
>CaCO3PuO2CO32− is also consistent with the parallel
Np(V) SC reaction (Table 3). The inclusion of the Pu(V) di-
carbonate aqueous species, estimated based on the Np(V) di-
carbonate speciation constant, was essential to adequately fit
the decreased sorption at high pH. In the case of Pu(V) sorp-
tion, only one SC reaction is necessary to adequately fit the
sorption data. Also, the measured Kd at pH 8 (∼ 20 mL/g)
compares favorably with Keeney-Kennicutt and Morse [9]
(550 mL/g) when accounting for differences in experimen-
tal methods. The methods used by Keeney-Kennicutt and
Morse [9] were similar to those described for Np(V) [8]
earlier3.
Interestingly, the fraction of Pu(V) sorbed to the calcite
surface increases significantly after 7 days. While this may
be the result of slow incorporation of Pu(V) into the calcite
solid, it may also result from redox changes in Pu as a func-
tion of time [26]. At pH 8 and low Pu(V) concentrations, we
measured Pu(V) reduction to Pu(IV) at a rate equivalent to
t1/2 = 0.2 years. The slow reduction of Pu(V) to Pu(IV) in
solution followed by sorption of Pu(IV) can explain the ob-
served increase in sorption equally well. Increased sorption
as a function of time was observed by Keeney-Kennicutt and
Morse [9] for Pu(V) sorption to δ-MnO2 and goethite (rate of
seconds to minutes) and also observed to occur in the pres-
ence of calcite at relatively slow rates (days). Since Pu(IV)
has a much greater affinity for the calcite surface than Pu(V),
the slow reduction of Pu(V) to Pu(IV) in solution [27, 28]
3 The Np(V) comparison yields an order of magnitude difference
in Kd which is equivalent to the Pu(V) comparison.
Fig. 11. Pu(V) sorption to calcite at 0.03% CO2(g) at 48 hours ( ) and
7 days ( ). Line presents SC model fit of >CaCO3PuO2CO32− species
to 48 hour data.
Fig. 12. Pu(IV) sorption to calcite at 0.03% CO2(g) at 48 hours ( ) and
7 days ( ). Lines present total and individual species SC model fits to
48 hour data.
may result in a slow increase in the overall sorption of Pu to
calcite.
The sorption of Pu(IV) to calcite (Fig. 12) is much
greater than Pu(V) over the entire pH range examined. How-
ever, a decrease in sorption is still observed at low and
high pHs. Pu(IV) Kds range from 60 mL/g at pH 9.75 to
1100 mL/g near pH 8 compared to a range of 5 to 125 mL/g
for Pu(V). The agreement between the 48 hour and 7 day
sorption data suggest that Pu(IV) is relatively stable both in
solution and s rbed t calcite th t incorporation into the
calcite solid is not significant over these times. No choice
of SC reaction could fit the large decrease in Pu(IV) sorp-
tion at high pH. While some decrease in sorption at high pH
is predicted with the SC model fit shown in Fig. 12 (reac-
tion constants in Table 3), the decrease does not match the
data very well. The limited aqueous Pu(IV) speciation data
and the fact that SC modeling cannot fit sorption data at high
pH suggests that aqueous species other than those shown in
Fig. 5 exist and play a role in the speciation of Pu(IV) at
high pH. For example, mono-, di-, or tri-carbonate Pu(IV)
species may dominate aqueous speciation at high pH and af-
fect sorption. It may also be that the significant uncertainty
in the Pu(IV) hydroxycarbonate and carbonate aqueous spe-
ciation constants affects our ability to effectively model the
sorption data at high pH.
The data presented here are some of the few data avail-
able in the literature regarding REE and actinide sorption
to calcite as a function of carbonate alkalinity and pH. Un-
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Figure 28. Pu(V) sorption to calcite at 0.03% CO2(g) at 48 hours () and 7 days(p).  
Line represents surface complexation model fit of ≡CaCO3PuO2CO3-2 species to 48 
hour data17. 
 
plutonium batch sorption experiments (see Figure 29).  Furthermore, it is inconsistent with 
the surface complexation model of Van Cappellen et al.85, which predicts that ≡CO3- and ≡CaOH2+ will be the dominant surface sites over the pH range 6.5-10 on the (104) crystal 
face of calcite.  However, it is noteworthy that the dominance of a particular site within a 
given pH range does not necessarily mean that sorption will occur on those sites.  Personal 
communication with Zavarin indicated that the results are being remodeled to be consistent 
with these other surface complexation models. 
 In addition, the Zavarin et al.17 surface complexation model describing Pu(IV) 
sorption to calcite is unable to predict the decrease in plutonium sorption at higher pH.  
Given that this basic surface complexation model was able to accurately predict the sorption  
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Fig. 10. Np sorption to calcite at 0.03% CO2(g) at 24 hours ( ). Lines
present total and individual species SC model fits.
the result of at least three factors: (a) the surface area of cal-
cite used here is nearly three times lower, (b) a very low
Np(V) concentrations was used in Keeney-Kennicutt and
Morse [8] and could have resulted in preferential sorption
of Np(V) to higher affinity sites, and (c) the solution com-
position was significantly different. Given the limitations of
the comparison, our results are in good agreement with data
of Keeney-Kennicutt and Morse [8]. However, our data also
show that pH and carbonate alkalinity will greatly affect the
affinity of Np(V) for the calcite surface.
3.4 Pu(V) and Pu(IV) sorption
The sorption behavior of Pu(V) at 48 hours is quite simi-
lar to Np(V) (Fig. 11). The fitted reaction constant for
>CaCO3PuO2CO32− is also consistent with the parallel
Np(V) SC reaction (Table 3). The inclusion of the Pu(V) di-
carbonate aqueous species, estimated based on the Np(V) di-
carbonate speciation constant, was essential to adequately fit
the decreased sorption at high pH. In the case of Pu(V) sorp-
tion, only one SC reaction is necessary to adequately fit the
sorption data. Also, the measured Kd at pH 8 (∼ 20 mL/g)
compares favorably with Keeney-Kennicutt and Morse [9]
(550 mL/g) when accounting for differences in experimen-
tal methods. The methods used by Keeney-Kennicutt and
Morse [9] were similar to those described for Np(V) [8]
earlier3.
Interestingly, the fraction of Pu(V) sorbed to the calcite
surface increases significantly after 7 days. While this may
be the result of slow incorporation of Pu(V) into the calcite
solid, it may also result from redox changes in Pu as a func-
tion of time [26]. At pH 8 and low Pu(V) concentrations, we
measured Pu(V) reduction to Pu(IV) at a rate equivalent to
t1/2 = 0.2 years. The slow reduction of Pu(V) to Pu(IV) in
solution followed by sorption of Pu(IV) can explain the ob-
served increase in sorption equally well. Increased sorption
as a function of time was observed by Keeney-Kennicutt and
Morse [9] for Pu(V) sorption to δ-MnO2 and goethite (rate of
seconds to minutes) and also observed to occur in the pres-
ence of calcite at relatively slow rates (days). Since Pu(IV)
has a much greater affinity for the calcite surface than Pu(V),
the slow reduction of Pu(V) to Pu(IV) in solution [27, 28]
3 The Np(V) comparison yields an order of magnitude difference
in Kd which is equivalent to the Pu(V) comparison.
Fig. 11. Pu(V) sorption to calcite at 0.03% CO2(g) at 48 hours ( ) and
7 days ( ). Line presents SC model fit of >CaCO3PuO2CO32− species
to 48 hour data.
Fig. 12. Pu(IV) sorp ion to alcite at 0.03% CO2(g) at 48 hours ( ) and
7 days ( ). Lines present total and individual species SC model fits to
48 hour data.
may result in a slow increase in the overall sorption of Pu to
calcite.
The sorption of Pu(IV) to calcite (Fig. 12) is much
greater than Pu(V) over the entire pH range examined. How-
ever, a decrease in sorption is still observed at low and
high pHs. Pu(IV) Kds range from 60 mL/g at pH 9.75 to
1100 mL/g near pH 8 compared to a range of 5 to 125 mL/g
for Pu(V). The agreement between the 48 hour and 7 day
sorption data suggest that Pu(IV) is relatively stable both in
solution and sorbed to calcite and that incorporation into the
calcite solid is not significant over these times. No choice
of SC reaction could fit the large decrease in Pu(IV) sorp-
tion at high pH. While some decrease in sorption at high pH
is predicted with the SC model fit shown in Fig. 12 (reac-
tion constants in Table 3), the decrease does not match the
data very well. The limited aqueous Pu(IV) speciation data
and the fact that SC modeling cannot fit sorption data at high
pH suggests that aqueous species other than those shown in
Fig. 5 exist and play a role in the speciation of Pu(IV) at
high pH. For example, mono-, di-, or tri-carbonate Pu(IV)
species may dominate aqueous speciation at high pH and af-
fect sorption. It may also be that the significant uncertainty
in the Pu(IV) hydroxycarbonate and carbonate aqueous spe-
ciation constants affects our ability to effectively model the
sorption data at high pH.
The data presented here are some of the few data avail-
able in the literature regarding REE and actinide sorption
to calcite as a function of carbonate alkalinity and pH. Un-
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Figure 29.  Predominant surface species at calcite saturation conditions.  I= 0.1 and 
0.03 % CO2(g) (thick lines) or 1% CO2(g) (thin lines)
17. 
 
behavior of several other elements (i.e., europium, samarium, and neptunium), this 
discrepancy between the predicted and experimental sorption behavior is likely due to 
uncertainties in the formation of aqueous plutonium-carbonate species and their associated 
thermodynamic factors (see Section 0).   Zavarin et al.17 attempted to improve these model 
fits to the data by remodeling the Pu-OH-CO3 system described by Rai et al.
172 but it is clear 
these constants still require refinement. 
Keeney-Kennicutt and Morse11 studied the sorption of Pu(V) to aragonite and 
calcite.  Near complete sorption of plutonium to aragonite is observed within 10 minutes 
when 10-10 M Pu(V) is added to a suspension containing 5 m2/L (3 g/L) aragonite in 
deionized water at circumneutral pH (i.e., pH 7.8-8.2).  Plutonium sorption to calcite under 
the same conditions is considerably less— 80%.  Similar results were observed by Morse and 
Choppin16.  Interestingly, oxidation state measurements indicate that 88% and 72% of the 
plutonium associated with aragonite and calcite, respectively, exists as Pu(V) after 87 hours 
at a higher plutonium concentration of 10-7 M.  It can be reasonably assumed, based on the 
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solid-free controls, that the plutonium stock solution was initially 97% Pu(V).  This indicates 
that some reduction of Pu(V) occurs in the presence of these carbonate minerals, although 
the kinetics may be slower that that observed for plutonium in the presence of metal oxide 
minerals.  The greater amount of plutonium reduction observed by Keeney-Kennicutt and 
Morse11 and Morse and Choppin16 on calcite than aragonite indicates that the surface binding 
sites on these two minerals may be different despite the fact that both minerals are CaCO3 
polymorphs.  These initial studies indicate that plutonium will preferentially sorb to 
aragonite if both CaCO3 minerals are present. However, further research into the surface 
speciation of aragonite particularly, is needed, as well as a better understanding of the 
conversion of aragonite to calcite and how that may affect the mobility of plutonium. 
Brady et al.19 used the Kd approach to study Pu(V) sorption to dolomite.  Kd values 
are fairly constant, and low (approximately zero), from pH 3-6, which is the range in which 
PuO2
+ is the dominant aqueous species.  This may mean that PuO2
+ is sterically-hindered 
from sorbing to =CO3
- sorption sites, or that these sites are protonated at low pH.  Kd 
values don’t start to increase until Pu(V)-carbonate aqueous species dominate the aqueous 
phase speciation at approximately pH 6.  What is interesting is that these Pu(V) carbonate 
aqueous complexes are negatively charged, but they seemingly increase plutonium sorption 
to dolomite.  This may indicate that Pu(V)-carbonate species coordinate with the calcium 
and magnesium on the surface, since dissolution is low (i.e., the surface concentration of 
calcium and magnesium is high).  This line of thinking would not support ion exchange on 
the surface as Brady et al. (1999) suggests.  However, the theory of ion exchange is supported 
by the fact that the Kd increases with increasing partial pressures of carbon dioxide at high 
pH. 
 106 
Plutonium sorption to other mineral phases 
Pu(IV) and Pu(V) sorption to gibbsite is similar to that of silica.  However, at circumneutral 
pH (i.e., pH 4-7), the amount of sorbed plutonium decreases between 24 hours and 62 days 
in systems originally containing Pu(IV)20.  Oxidation state analysis of these samples show 
that Pu(V) is the dominant oxidation state in the aqueous phase.  This indicates that Pu(IV) 
sorbs to the gibbsite surface and then repartitions into the aqueous phase as Pu(V).  Based 
on the observation that plutonium initially sorbed then desorbed, a logical conclusion is that 
Pu(V) in the aqueous phase results from reoxidation of sorbed Pu(IV). 
Pu(V) sorption to gibbsite is different.  The fraction of sorbed plutonium increases 
with increasing pH over the range pH 4-10.  The fraction of sorbed plutonium also increases 
with increasing equilibration time, resulting in a sorption edge that shifts to the left with 
increasing time and becomes more similar to the sorption edge for Pu(IV).  Even after 300 
days, the sorption edges for Pu(IV) and Pu(V) do not match.  The shifting of the Pu(V) 
sorption edge to converge with that of the Pu(IV) sorption edge with increasing time is a 
direct indication of the reduction of Pu(V) to Pu(IV) on the gibbsite surface.  In the 
presence of carbonate, Pu(V) desorbs at pH > 8 , which can be attributed to the formation 
of aqueous Pu(V)-carbonate species. 
Plutonium (initially Pu(IV)) is completely sorbed to brucite from pH 8-1314.  
Interestingly, XPS results show that Pu(IV) is incorporated into the brucite structure to at 
least 40Å14.  This is also indicated by data from EXAFS and Rutherford backscattering 
spectroscopy experiments15.  An ionic hydroxide-like form characterizes plutonium at this 
depth but towards the brucite surface, plutonium exists as PuO2
15.  This indicates that 
Pu(OH)4 (the dominant Pu(IV) aqueous species above pH 8; see Figure 2a) either migrates 
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into the brucite structure, precipitates on the surface as PuO2, or becomes incorporated into 
brucite due to repeated dissolution and precipitation of the brucite surface  Although no 
desorption studies were performed, these results indicate that brucite may significantly 
immobilize plutonium. 
Hydroxyapatite (Ca5(PO4)3(OH)) is a potential candidate for backfill material to be 
used in nuclear waste repositories.  Pu(VI) sorption to hydroxyapatite is characterized by 
rapid kinetics and maximum sorption at pH 8.529.  Above this pH, a decrease in plutonium 
sorption is observed due to the formation of plutonium carbonate species.  Although 
changes in ionic strength did not affect plutonium sorption, increasing the calcium or 
phosphate concentration decreased the amount of plutonium sorbed to hydroxyapatite.  
Phosphate has the strongest complexation strength of all the oxyanions34.  Therefore, 
plutonium sorption in the presence of phosphate is likely to decrease due to the formation 
of aqueous plutonium phosphate complexes.  The effect of calcium on Pu(VI) sorption to 
hydroxyapatite is investigated by adding calcium as CaCl2.  Because PuO2Cl
+ and PuO2Cl2 
may form in the aqueous phase when chloride is present, the observed decrease in 
plutonium sorption with increasing calcium concentration may be due to the formation of 
these plutonium-chloride complexes or due to competition with Ca+2.  The log β0 values for 
PuO2Cl
+ and PuO2Cl2 are 0.23 ± 0.03 and -1.15 ± 0.30, respectively
34. 
Kirsch et al.18 used XAS to study Pu(V) interactions with chuckanovite and 
mackinawite under anoxic conditions.  The results are shown in Figure 30.  The similarity of 
the XANES and EXAFS spectra of the mineral suspensions to that of crystalline PuO2 
suggests the presence of Pu(IV) on the surface, although, as seen in Figure 30a, the white 
line peaks do not completely agree.  Although linear combination fitting was not used to 
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analyze the spectra, modeling of both the Pu(V)-mackinawite spectrum and the PuO2(cr) 
spectrum with PuO2 produced a good fit, indicating the possibility of PuO2 precipitation in 
this sample.  The shift of the Pu(V)-chuckanovite XANES spectrum to lower energies 
relative to PuO2(cr) indicates the presence of Pu(III). 
The differences in Pu(V) sorption behavior between mackinawite and chuckanovite 
may be related to their respective mineral structures.  Mackinawite is terminated by sulfur 
atoms, which may be an unfavorable ligand for plutonium relative to the oxide termination 
of chuckanovite.  For this reason, plutonium may precipitate at the surface of mackinawite 
whereas it sorbs and reduces to Pu(III) in the presence of chuckanovite.  In both cases, 
plutonium reduction may result from electron transfer from Fe(II) in the mineral structures. 
 
 
Figure 30.  Experimental Pu-LIII spectra of Pu(IV)-mackinawite (red) , Pu(IV)-
chekanovite (blue), and PuO2(cr) (green). A) XANES, b) χ(k) x k3, c) Fourier 
transform (3.0 < k < 12.6 Å-1)18. 
 
7270 dx.doi.org/10.1021/es200645a |Environ. Sci. Technol. 2011, 45, 7267–7274
Environmental Science & Technology ARTICLE
such-obtained χ(k)-spectra confirm the prevalence of trivalent Pu
(Table S4b). Shell fitting of the first FT peak yields Pu!Odistances
of 2.48Å to 2.49Å, characteristic of aqueous Pu(III) complexes39!41
(Tables S5). In conclusion, edge and peak positions, ITT of the
XANES and EXAFS regions and shell fitting of the first FT peak all
suggest Pu(III) as the predominant oxidation state. Under the given
experimental conditions (Table 1), the oxidation state of Pu after
reactionwithmagnetite was independent of the initial oxidation state
(III or V), suggesting that thermodynamic equilibrium has been
attained. The fact that Powell et al.17 found predominantly Pu(IV) is
likely due to the presence of oxygen during their experiment. A
similar impact of oxygen on the extent of reduction was observed by
Nakata et al.42 for the reaction betweenNp(V) andmagnetite under
aerobic and anaerobic conditions.
To elucidate the structure of the Pu(III) species on magnetite,
shell fitting was extended to the FT peaks beyond the oxygen
coordination sphere. A second shell could be fitted with back-
scattering from three to five Fe atoms at a distance of 3.54 Å,
suggesting either a sorption complex or formation of a solid
phase. To test the hypothesis of a sorption complex and to find a
corresponding structure, FEFF-Monte Carlo (MC) modeling43
was applied to the k3-weighted EXAFS spectrum of the Pu(V) +
magnetite, pH 8 sample (for modeling details, see the SI, 1.3). A
box-procedure position-search was conducted using a model slab
of magnetite (18"15"5 Å3), exposing two (111) faces, one with
octahedral and one with mixed tetrahedral/octahedral termina-
tion (Figure S2). One or two Pu atoms were allowed to move
randomly and independently from each other in an empty
25"25"15 Å3 box surrounding the slab. For each Pu position
in relation to the magnetite slab, a theoretical EXAFS spectrum
was calculated with FEFF8.2 considering backscattering between
Pu and magnetite; a constant scattering contribution for oxygen
atoms of water molecules coordinated to aqueous Pu was then
added. For 6, 7, or 8 coordinated water molecules only one
geometrically specific position in relation to the magnetite slab,
situated on the (111) surface with octahedral termination, was
identified (Figure 1d). In the corresponding surface complex, one
Pu atom is linked via three oxygen atoms to three edge-sharing
FeO6-octahedra. As Pu atoms remained always separated by more
than 9 Å, a contribution of Pu!Pu backscattering to the experi-
mental spectrum could be ruled out, thereby excluding formation
of a dimeric surface complex or of PuIII(hydr)oxide clusters. The
position search was repeated using a different approach that
minimizes the standard deviation (SD) of each new position
compared to the previous one (see the SI) and lead to the
identification of the same geometric position. The distances
between the central Pu and the surrounding atoms in the thus
identified structure of the sorption complex were refined by
reverse Monte Carlo (RMC) simulation.44,45 RMC allows small
movements of all atoms surrounding Pu (up to 6.5 Å) to take
structural disorder and possible relaxation effects of the magnetite
surface into account (Figure 1e). During this radial refinement the
number of coordinated water molecules was fixed at 6. As can be
seen in Figure 1b, the resulting χ(k) " k3 spectrum and the
experimental spectrum are in excellent agreement. The refinement
yields the Pu!O and Pu!Fe radial pair distribution functions
(RPDF) (Figure 1c), wherein the first Pu!Opeak corresponds to
9 oxygen atoms at 2.49 Å and the first Pu!Fe peak to three iron
atoms at 3.54 Å. The Pu(III) position is close to an Fe-octahedral
position and can be described as a tridentate, trinuclear, triple
edge-sharing surface complex. Surface complexation at the octa-
hedrally terminated (111) face geometry is in linewith results from
X-ray crystal truncation rod (CTR) diffraction from which 75%
oxygen octahedral-iron (OOI) termination for magnetite (111)
was deduced.46 Due to the tridentate nature of the complex, it is
likely to be very stable and play an important role in controlling Pu-
magnetite reactions and Pu mobility.
Reaction of Pu(V) with Mackinawite and Chukanovite.
XANES and EXAFS spectra of Pu(V) reacted with mackinawite
(Pu(V)-Mack) and chukanovite (Pu(V)-Chuk) are similar to
those of crystalline PuO2(cr), suggesting the prevalence of
tetravalent Pu in the samples and structural similarities with
PuO2(cr) (Figure 2). However, a higher white line (WL)
intensity of the Pu(V)-Mack and a slight low-energy shift of
Figure 2. Experimetal Pu-LIII spectra of Pu(V)-Mack (red), Pu(V)-Chuk (blue), and PuO2(cr) (green). a) XANES, b) χ(k)" k3, c) Fourier transform
(3.0 < k < 12.6 Å!1).
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SURFACE COMPLEXATION MODELING 
Clearly, plutonium introduced to the subsurface environment is expected to interact not with 
pure mineral phases, but with whole sediments composed of several different mineral 
phases.  For example, sediment from the Savannah River Site, located near Aiken, South 
Carolina, is composed of kaolinite clay, goethite, hematite, gibbsite, and hydroxyl-
interlayered vermiculite173.  Field lysimeter174 and batch sorption71 experiments have been 
used to investigate plutonium interactions with Savannah River Site sediments.  In both 
cases, plutonium was found preferentially associated with iron phases.  However, in the 
presence of Yucca Mountain Tuff, which is primarily zeolitic (80% clinoptilolite, 2% 
smectite, 8% opal-CT, 7% feldspar, and 3% quartz), plutonium was found associated with 
manganese phases32,175. 
Early studies of plutonium interactions at the mineral-water interface utilized the Kd 
approach, in which a soil-water distribution coefficient is calculated (i.e., the equilibrium 
concentration of plutonium on the solid phase divided by the concentration of plutonium in 
the aqueous phase) and used to estimate plutonium velocity and travel time through the 
subsurface environment19.  However, this approach is limited in that a Kd calculated from 
batch sorption data can only be applied to environmental systems at equilibrium with the 
same variables.  Therefore, a Kd approach is unable to predict plutonium sorption under 
changing environmental conditions. 
More recently, data from studies of plutonium sorption to pure mineral phases has 
been used to create databases of surface complexation reactions176,177.  These databases are 
then incorporated into surface complexation models (e.g., non-electrostatic, constant 
capacitance, diffuse double layer, triple layer, CD/MUSIC) that are used to predict 
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plutonium sorption to a pure mineral phase.  Models describing plutonium sorption to pure 
mineral phases can then be combined in a component additivity or generalized composite 
approach to predict plutonium sorption to whole sediment76. 
In the component additivity approach, surface complexation models that have been 
calibrated to pure mineral phase studies are used to predict the sorption of plutonium to a 
mineral assemblage, assuming some percentage of each pure mineral can be found in the 
mineral assemblage. The generalized composite approach assumes that surfaces of mineral 
assemblages are too complex to be described by a simple combination of pure mineral 
phases.  Instead, generic surface functional groups are used that represent the average 
properties of the mineral assemblage.  Since the focus of this review is to describe plutonium 
interactions with specific mineral phases, only the component additivity approach will be 
described below. 
Powell et al.20 used complexation constants derived from Pu(IV/V) sorption to 
gibbsite and silica to predict plutonium sorption to montmorillonite, a dioctahedral smectite 
clay.  The assumption is that the ≡AlOH and ≡SiOH sites on gibbsite and silica, 
respectively, behave similarly to the edge sites (i.e., terminal tetrahedral silicon and octahedral 
alumina sites) in montmorillonite.  A basic non-electrostatic surface complexation model 
applied to Pu(V) sorption to montmorillonite over-predicts batch sorption data from pH 6-8 
and under-predicts sorption at pH 9-10, though the general sorption trend is captured.  A 
good fit is also not obtained for Pu(IV) sorption data.  As shown in Figure 31, when both 
solid and aqueous phase redox coupling of Pu(IV) and Pu(V) are included in the model, 
plutonium sorption to montmorillonite is adequately predicted above pH 8.  Below this pH, 
sorption is grossly under-predicted.  This may indicate that sorption does not occur only via 
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complexation with ≡SiOH or ≡AlOH sites (e.g., ion exchange) or that these surface sites 
account for a greater fraction of the surface area than assumed in the model (i.e., that ≡SiOH and ≡AlOH make up 10% of the available surface area).  Even if all of the 
montmorillonite surface area is attributed to silanol and aluminol groups, the total surface 
site concentration is still two times lower than the surface site concentrations used to 
correctly predict plutonium sorption to silica and gibbsite.  Therefore, since montmorillonite 
is a clay mineral, it is more likely that the poor model fit at low pH is due to ion exchange of 
plutonium.   This sorption mechanism is not accounted for when using gibbsite and silica as 
component minerals because ion exchange, or other non-surface complexation mechanisms, 
is not observed on these mineral phases.  As shown in Figure 32, when ion exchange is 
included in the model, plutonium sorption to montmorillonite is correctly predicted over the  
 
 
Figure 31.  Model prediction of Pu sorption to montmorillonite after 62 days with 
carbonate present.  Pu surface complexation constants fixed from Pu-silanol and Pu-
aluminol species.  Plutonium was initially added as Pu(IV) and the model included 
redox coupling of Pu(IV) and Pu(V)20. 
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Table 5.3: Revised Pu-aluminol and Pu-silanol Surface Complexation Constants written in terms of the 
Pu(V)/Pu(IV) redox couple. 
Species Reaction log K 
SiOHPuO2+ SiOH + Pu4+ + 0.25 O2(g) + 1.5 H2O ļ  SiOHPuO2+ + 3H+ 7.55 
SiOPuO2o SiOH + Pu4+ + 0.25 O2(g) + 1.5 H2O ļ  SiOPuO2o + 4H+  2.34 
SiOPuO2OH- SiOH + Pu4+ + 0.25 O2(g) + 2.5 H2O ļ SiOPuO2OH- + 5H+ -7.86 
   
AlOHPuO2+ AlOH + Pu4+ + 0.25 O2(g) + 1.5 H2O ļ  AlOHPuO2+ + 3H+ 8.80 
AlOPuO2o AlOH + Pu4+ + 0.25 O2(g) + 1.5 H2O ļ  AlOPuO2o + 4H+  0.35 
AlOPuO2OH- AlOH + Pu4+ + 0.25 O2(g) + 2.5 H2O ļAlOPuO2OH- + 5H+ -8.16 
   
AlOPu(OH)++ AlOH + Pu4+ + H2O  ļ   AlOPu(OH)++ + 2H+ 12.82 
AlOPu(OH)2+ AlOH + Pu4+ + 2H2O  ļ   AlOPu(OH)2+ + 4H+ 7.34 
AlOPu(OH)3o AlOH + Pu4+ + 3H2O  ļ   AlOPu(OH)3o + 4H+ -0.10 
   
SiOPu(OH)3o SiOH + Pu4+ + 3H2O  ļ   SiOPu(OH)3o + 4H+ 0.14 
SiOPu(OH)4- SiOH + Pu4+ + 4H2O   ļ  SiOPu(OH)4- + 5H+ -7.58 
 
 
5.3 Mod ling Pu Sorption to Montmorillonite with Active Pu(IV)/Pu(V) Red x Couple 
 
Since the ex eriments in montmorillonite systems which were initially Pu(V) did not appear to 
reach a steady-state within the time of these experiments (Figure 3.10b), only the initially Pu(IV) 
dataset was us d for this modeling comparis n. Using the surface compl xati  constants listed 
in Table 5.3 and the thermodynamic constants listed in Table 5.1 (including the Pu(IV/V) redox 
couple, sorption of Pu(IV) to ontmorillonite was predicted. The model output is shown in 
Figure 5.6 below and plotted with the initially Pu(IV)-montmorillonite dataset obtained after 62 
days under CO2(g) equilibrated conditions. The model does an acceptable job of fitting the data 
at high pH values. As discussed above, the difficultly of predicting Pu(IV) sorption in the 
presence of carbonate and the uncertainty in the exact carbonate concentrations are believed to 
be responsible for the poor fit at the highest pH values. Of greater concern is the very poor fit 
observed at low pH. The most significant predicted sorbing species is {SiOPu(OH)3 but the 
predicted sorbed concentration is significantly lower than the observed concentration.  
 
 
 
Figure 5.6 Model prediction of Pu sorption to montmorillonite after 62 days with carbonate present. Pu surface 
complexation constants fixed from Pu-silanol and Pu-aluminol species as listed in Table 5.3. 
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Figure 32.  Model prediction of Pu sorption to montmorillonite after 24 hours and 62 
days with carbonate present assuming both ion exchange and surface complexation.  
Pu surface complexation constants fixed from Pu-silanol and Pu-aluminol species.  
Ion exchange shown as green solid line.  Plutonium was initially added as Pu(IV) 
and the model included redox coupling of Pu(IV) and Pu(V)20. 
 
entire pH range.  Especially because these explanations of plutonium sorption behavior are 
based on indirect, circumstantial evidence, spectroscopic data14,15,18,25,27 is needed to improve 
the accuracy and understanding of this, and other, modeling approaches. 
CONCLUSIONS AND FUTURE DIRECTIONS 
The goals of this review were to (1) examine mechanisms for plutonium sorption, investigate 
the implications of each method if interaction, and identify trends in plutonium sorption 
behavior, (2) examine mechanisms for the surface-mediated reduction of plutonium, and (3) 
relate plutonium sorption behavior to the specific mineralogy of a surface.  While there are 
five main potential mechanisms for plutonium sorption to pure mineral phases—inner- and 
outer-sphere sorption, ion exchange, (co)precipitation, and surface incorporation—inner-
sphere complexation is the dominant sorption mechanism across all mineral classes.  This 
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 X- + Pu4+ + 3H20 Æ X-Pu(OH)3+ +  3H+  log K = -1.45   (5.6) 
 X- + Na+ Æ X-Na+    log K = 0   (5.7) 
 
The best fit was obtained by assuming exchange with Pu(OH)3+ (Equation 5.8 and Figure 5.8). 
To calculate the direct exchange constant, the Pu4+ hydrolysis reaction was subtracted out as 
follows: 
 
   Pu(OH)3+ + 3H+  Æ Pu4+ + 3H2O  log K = 4.62 
+ X-Na+ + Pu4+ + 3H20 Æ X-Pu(OH)3+ + Na+ + 3H+   log K = -1.45 
   X-Na+ + Pu(OH)3+  Æ X-Pu(OH)3+ + Na+   log K = 3.17 
 
The high exchange constant (3.17) is indicative of a strong affinity of Pu for montmorillonite 
basal plane ion-exchange sites. Similar high values have been reported for Cs, which is known to 
have strong ion exchange interaction with this mineral.  There is insufficient experimental data in 
this dataset to confirm that ion exchange is occurring.  The discussion of the surface site density 
provides only circumstantial evidence to justify incorporation of ion exchange into this model. 
However, evidence of Pu ion exchange on SWy-1 montmorillonite was recently reported 
(Zavarin et al., 2008). The slight increase in Pu sorption at low pH values (Figure 3.10) is also 
indicative of Pu(V) reduction followed by ion exchange. 
 
 
 
Figure 5.8 Model prediction of Pu sorption to montmorillonite after 24 hours and 62 days with carbonate present 
assumin  both ion exchange and surface c mplexation.  Pu surface co plexatio  constants fixed from Pu-silanol 
and Pu-aluminol species as listed in Table 5.3. Ion exchange shown as green solid line.  
 
6 SUMMARY  
 
Data describing Pu sorption to silica verified previous observations that Pu(V) sorption is 
relatively weak while Pu(IV) sorption is strong. Similar results were observed for Pu sorption to 
gibbsite. However, it was interesting that in this work Pu appears to have a stronger affinity for 
silica relative to gibbsite. Based on these sorption experiments, a series of Pu-aluminol and Pu-
silanol non-electrostatic surface complexation models (Tables 4.5 and 4.6) were developed to 
(5.8) 
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includes minerals with an expandable layer structure, such as birnessite.  The one exception 
is that Powell et al.161 observed precipitation of Pu(IV) as Pu4O7 on goethite surfaces when 
successive aliquots of dilute Pu(IV) were added to goethite suspensions. 
 In all of the studies discussed above, plutonium was found associated with the solid 
phase, which indicates that soils and sediments have the potential to immobilize plutonium 
under environmental conditions.  When plutonium was added as Pu(V) or Pu(VI), Pu(IV) 
was found to be the dominant solid phase oxidation state.  Since Pu(IV) is not measured in 
the aqueous phases of these suspensions, it is likely that plutonium reduction occurs within 
the double layer or at the mineral surface.  The proposed mechanisms for the surface-
mediated reduction of plutonium are reduction via radiolysis products generated and 
concentrated at the mineral surface, electron transfer via ferrous iron or manganese in the 
mineral structure, disproportionation of Pu(V), electron shuttling due to the semiconductor 
properties of the mineral, and reduction based on a Nernstian favorability of Pu(IV) surface 
complexes or surface precipitates.  The electron transfer mechanism is supported by the 
work of Hixon et al.71, who observed a decrease in the rate of Pu(V) reduction on Savannah 
River Site sediments as the amount of Fe(II) in the sediments decreased.  Furthermore, 
Powell et al.22,30 showed that the kinetics of plutonium interactions with magnetite are faster 
than those with hematite or goethite, which may be correlated to the Fe(II) in the magnetite 
mineral structure that is not present in goethite or hematite.  Hixon et al.33 studied plutonium 
sorption to quartz and was able to rule out radiolysis at the mineral surface, Pu(V) 
disproportionation, electron transfer, and electron shuttling as mechanisms for the surface-
mediated reduction of plutonium.  The Nernstian favorability of Pu(IV) surface complexes 
or surface precipitates was hypothesized to be the mechanism driving Pu(V) reduction to 
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Pu(IV) in these systems.  Despite these studies targeted at determining the mechanisms for 
the surface-mediated reduction of plutonium, much research remains.  For example, in 
systems containing a semiconducting mineral that also contains Fe(II) or Mn(II/III), it is 
unclear how the electrons flow in the system.  In this case, the methods of Scherer and 
coworkers178,179, who provide spectroscopic evidence for Fe(II)-Fe(III) electron transfer, 
could be utilized. 
 There are few cases in which the sorption behavior of plutonium can be linked to 
the specific mineralogy of a surface.  This is due to the lack of information about the surface 
speciation of pure mineral phases and lack of data characterizing the plutonium surface 
complexes.  Advanced spectroscopy, microscopy, and molecular modeling are needed to 
fully understand not only the surface structure of pure mineral phases, but also the 
coordination and bonding environment of plutonium surface complexes.  These studies 
would improve the accuracy and understanding of surface-complexation models, since the 
current models are based on indirect, circumstantial evidence and macroscopic data only.  
 The development of field-scale models describing plutonium transport in the 
environment will need to consider both near-field and far-field environments.  Under near-
field conditions, we can expect, among other things, high plutonium concentrations, ionic 
strengths, temperature, and radiation fields.  Spectroscopic studies will be useful for 
describing these systems.  However, plutonium concentrations in the far-field environment 
are significantly lower (Error! Reference source not found.), and are, generally, even 
several orders of magnitude lower than the studies presented in this review.  These are the 
concentrations that future studies need to be focused on, since these are the concentrations 
that will directly affect human health and safety.  The major challenge will be developing 
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methods with trace- and ultra-trace-level detection limits so that such studies can produce 
reliable results. 
 This review maintained a focus on the interactions of plutonium with pure mineral 
phases.  However, in environmental systems, one must also consider other phenomena, such 
as precipitation and dissolution of plutonium solid phases, the influence of organic ligands 
and natural organic matter, and the influence of microorganisms.  These factors have the 
potential to interact with plutonium in the aqueous phase or otherwise prevent plutonium 
sorption to soils and sediments, thereby enhancing plutonium mobility in the subsurface 
environment.  Therefore, intensive studies on the mechanisms, thermodynamics, and 
kinetics of these processes will also be needed to inform a global conceptual model of 
plutonium subsurface behavior. 
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CHAPTER TWO: EXAMINATION OF THE EFFECT OF ALPHA 
RADIOLYSIS ON PLUTONIUM(V) SORPTION TO QUARTZ 
USING MULTIPLE PLUTONIUM ISOTOPES 
INTRODUCTION 
In the United States, nuclear weapons production and testing has led to approximately 1014 
Bq of 239Pu subsurface contamination at the Hanford Site and more than 1015 Bq of 
plutonium contamination at the Nevada Test Site180,181.  Plutonium contamination is also a 
worldwide problem.  At the Mayak Production Association in Urals, Russia, Novikov et al.2 
measured a concentration of approximately 4.8 Bq/L plutonium at 0.05 km from the 
location where waste effluent was discharged into Lake Karachai.  In addition, plutonium 
subsurface contamination exists in Palomares, Spain as a result of an aircraft accident 
involving the damage of two nuclear weapons182 and plutonium from the Windscale 
reprocessing facility has been found in the intertidal sediments of the Wyre estuary in 
northwest England183.  The presence of plutonium in the geosphere poses a long-term 
environmental concern due to its toxicity and the long half-lives of several isotopes (e.g., the 
half-life for 239Pu is 2.41 x 104 years).  Therefore, understanding the mechanisms responsible 
for enhancing or retarding the mobility of plutonium in the environment is important for 
risk management.  This becomes a difficult task because under environmentally relevant EH 
and pH values, plutonium may exist as Pu(III), Pu(IV), Pu(V), and Pu(VI).  Each of these 
oxidation states exhibits different geochemical behavior in terms of oxidation/reduction, 
hydrolysis, complexation, precipitation, and sorption.  Therefore, the mobility of plutonium 
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in the environment is highly dependent on oxidation state.  Surface-mediated reduction of 
relatively mobile Pu(V) to relatively immobile Pu(IV) has been observed on a variety of 
surfaces11,18,20–22,24–28,30,32,63,184.  Although numerous studies have observed the capacity of pure 
minerals to reduce or oxidize plutonium, the exact mechanism(s) responsible for surface-
mediated redox reactions remain unclear.  Hypotheses include: (1) radiolysis at the mineral 
surface20,21, (2) electron transfer via ferrous iron or manganese in the mineral 
structure13,21,22,25,30,32, (3) disproportionation of Pu(V)11,21,27,184,  (4) electron shuttling due to the 
semiconductor properties of the mineral11,22, and (5) reduction based on a Nernstian 
favorability of Pu(IV) surface complexes22.  In hypotheses 4 and 5, the source of electrons 
facilitating reduction is unclear but is conceptualized as coming from the H2O/O2(aq) 
couple, which becomes favorable due to a higher reduction potential of Pu(IV) surface 
complexes.   
The objective of this study is to determine if radiolysis at the mineral surface is a 
plausible mechanism for surface-mediated reduction of plutonium.  The conceptual model 
supporting radiolysis at the mineral surface is that alpha particles released from the 
radioactive decay of plutonium may induce hydrogen peroxide and free radical formation in 
water.  These radiolysis products can then react with plutonium, reducing Pu(V) to Pu(IV) 
either on the mineral surface68 or in solution, followed by sorption of Pu(IV) to the mineral 
surface. 
Batch sorption experiments were used to examine Pu(V) sorption to quartz as a 
function of time and total alpha radioactivity.  The oxidation state of plutonium associated 
with quartz was examined using X-ray absorption spectroscopy (XAS) and electron 
microscopy.  The high-purity quartz used in this study is not a semiconductor and trace 
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metals such as iron or manganese, which can facilitate electron shuttling and electron 
transfer mechanisms, were below detection limits.  Therefore, based on the hypotheses 
discussed above, reduction of plutonium in these systems is due to radiolysis, Pu(V) 
disproportionation, or a thermodynamic favorability of sorbed Pu(IV) hydrolysis products. 
MATERIALS AND METHODS 
Batch sorption and desorption experiments 
Sol id phase preparat ion and character izat ion 
Quartz was obtained from Unimin Corporation (Spruce Pine, NC) as IOTA-8 high-purity 
quartz and used as received for batch sorption experiments.  Typical contaminant 
concentrations are provided in Appendix A.  The N2(g)-BET surface area, 3.4 m
2/g, was 
measured at 77 K using a Micromeritics ASAP 2010 physisorption analyzer.  The particle 
size range reported by Unimin Corporation was 75-300  m.  For XAS measurements, the 
surface area was increased to 4.5 m2/g by grinding IOTA-8 quartz for 20 minutes in a ball-
mill. 
Pu(IV) working so lut ion preparat ion 
To prepare a 242Pu(IV) working solution, a small aliquot of a 4.327  M plutonium stock 
solution (New Brunswick Lab, CRM 130) in 1 M HNO3 was evaporated to dryness and re-
dissolved in 0.1 M HCl and 0.01 M NaNO2.  The pH was adjusted to ~ pH 1 using 5 M HCl 
and passed through a 0.02  m syringe filter (Whatman Anotop 25) into a Teflon vial.  The 
final solution had the following characteristics: [242Pu]total = (5.41 ± 0.01) x 10
6 Bq/L [(1.533 
± 0.003) x 10-4 M]; Pu(IV): 86% ; Pu(V): 2%; Pu(VI): 12%.  The oxidation state distribution 
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of the working solution was verified prior to beginning each experiment using the solvent 
extraction / lanthanum fluoride coprecipitation techniques described below. 
Pu(V/VI) working so lut ion preparat ion 
To prepare a 242Pu(V/VI) working solution, a small aliquot of a 4.327  M plutonium stock 
solution (New Brunswick Lab, CRM 130) in 1 M HNO3 was evaporated to dryness and re-
dissolved in 1 mL 1.0 M HCl and 10  L 0.20 N KMnO4 in a Teflon vial.  The vial was 
wrapped in aluminum foil and left for 28 hours to oxidize all plutonium to Pu(VI).  The 
solution was diluted approximately 20 times with 0.1 M NaCl to the pH range 2-3.  A 10  L 
aliquot of 0.01 M MnCl2 was added to precipitate any remaining permanganate.  The pH was 
kept low (< 3) during this step to avoid coprecipitating Pu(VI).  The solution was then 
passed through a 200 nm nylon syringe filter into a Teflon bottle, adjusted to pH 3 using 1 
M NaOH, and left for five days to allow auto-reduction of Pu(VI) to Pu(V).  The final 
solution had the following characteristics: [242Pu]total = (7.49 ± 0.05) x 10
5 Bq/L [(2.12 ± 0.01) 
x 10-5 M]; Pu(IV): 1% ; Pu(V): 69%; Pu(VI): 30%.  The oxidation state distribution of the 
working solution was verified prior to beginning each experiment using the solvent 
extraction / lanthanum fluoride coprecipitation techniques described below.   
 A similar procedure was followed to prepare a 238Pu(V) working solution from an 
Isotopes Product source (Valencia, CA).  The final solution had the following characteristics: 
[238Pu]total = (5.98 ± 0.01) x 10
6 Bq/L [(3.962 ± 0.007) x 10-8 M]; Pu(IV): 5% ; Pu(V): 93%; 
Pu(VI): 2%. 
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Batch sorpt ion exper imental  condi t ions and methods 
The effect of radioactivity on plutonium sorption to quartz was studied using two plutonium 
isotopes (242Pu and 238Pu) and three reactor systems, which are summarized in Table 1.  The 
three reactor systems have a constant Pu concentration but differing activities because 238Pu 
has a higher specific activity than 242Pu (633 GBq/g and 0.0146 GBq/g, respectively).  Batch 
sorption experiments within each system were performed in duplicate by spiking 238Pu(V) 
and/or 242Pu(V) to suspensions containing 10 g/L quartz.  For comparison with the 
experiments starting with oxidized plutonium, batch sorption experiments were also carried 
out using the 242Pu(IV) stock solution described in section 2.1.2.  The concentration of 
plutonium and alpha activity in these suspensions was (4.72 ± 0.10) x 10-8 M and 1671 ± 35 
Bq/L, respectively.  The quartz suspensions were prepared in 10mM NaCl and adjusted to 
pH 3, 5, or 7 using NaOH or HCl. Solid-free control samples containing plutonium were 
also prepared.  The samples were mixed end-over-end in the dark for various reaction times.  
The pH was monitored in each suspension over time and slight adjustments were made as 
needed. 
 At each equilibration time, a homogeneous aliquot was taken from each reactor and 
centrifuged to leave <100 nm particles in solution.  The size fraction was calculated from 
Stokes law, as described in Jackson185.  The aqueous phase was then measured by both liquid 
scintillation counting (LSC) and inductively-coupled plasma mass spectrometry (ICP-MS) for 
total plutonium and 242Pu, respectively.  The amount of 238Pu was determined from the LSC 
data after subtracting the small 242Pu contribution.   
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Table 19. Experimental Reactor Systems 
System Total Pu Conc. (M) 
Alpha Activity 
(Bq/L) 
242Pu (4.33 ± 0.02) x 10-8 1527 ± 6 
242Pu + 238Pu (4.31 ± 0.02) x 10-8 18954 ± 22 
242Pu + 238Pu (4.22 ± 0.06) x 10-8 36259 ± 43 
 
Batch desorpt ion exper imental  condi t ions and methods 
At the end of the sorption experiments, each vial was centrifuged at 8000 rpm for 10 
minutes (Beckman Coulter Allegra X-22R Centrifuge equipped with a F2402H rotor) to 
leave particles < 100 nm in solution.  The aqueous phase was then decanted and the 
concentration of plutonium was determined in the supernatant as described in section 2.1.4. 
The wet solid phase was resuspended in 0.3 M HCl and mixed to leach sorbed plutonium 
into the acidic aqueous phase.  The suspension was again centrifuged to leave particles < 100 
nm in solution.  The oxidation state of plutonium in the acid leachate was determined using 
lanthanum fluoride coprecipitation and solvent extraction (described below).  The acid 
leaching step was assumed to quantitatively remove Pu(V) and Pu(VI) from the quartz 
surface and any unleachable plutonium was assumed to be Pu(IV)11,22,30. Solvent extraction 
was only performed on samples containing 238Pu because the higher activity allowed 
determination of Pu concentrations by LSC. The organic phases of the solvent extraction 
technique could not be analyzed using ICP-MS.   
 In an attempt to close the mass balance for plutonium in each reactor, the 0.3 M HCl 
leachate was decanted and the solid phase was resuspended in 8 M HNO3.  After 
approximately two weeks, the vials were centrifuged to leave particles < 100 nm in solution 
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and a 1.3 mL aliquot was taken from the leachate and analyzed by inductively coupled 
plasma mass spectrometry (ICP-MS) and liquid scintillation counting (LSC) for 242Pu and 
total plutonium, respectively.  The leachate was then decanted and replaced with 0.5 mL of 
concentrated HF.  After approximately one month, a 0.3 mL aliquot of the leachate was 
analyzed via LSC for total plutonium. 
X-ray absorption spectroscopy (XAS) measurements 
Pu stock so lut ion preparat ion 
An aliquot of the New Brunswick plutonium stock solution (CRM 130) purified for XANES 
work by combining and evaporating to dryness over low heat in a Teflon vial.  The residue 
was reconstituted in 0.5 mL concentrated HNO3, 0.5 mL deionized H2O, and 1 mL 8 M 
HNO3.  A Bio-rad 1x8 ion exchange column was packed with a 1mL bed volume and 
conditioned with 8 M HNO3.  The plutonium solution was loaded onto the column and 
washed with 8 M HNO3 to eliminate 
241Am, which is present in solution because the activity 
concentration of CRM 130 is dominated by 241Pu.  Plutonium was eluted with 0.1 M HCl.  
Repeated evaporations of the effluent over low heat were performed, redissolving each time 
with 0.5 mL concentrated HNO3.  The final residue was reconstituted in 300  L 
concentrated perchloric acid and refluxed over low heat in order to oxidize Pu(IV) to 
Pu(VI).  The perchloric acid fumes were captured by bubbling the off-gas from the reflux 
through potassium hydroxide.  The final solution had the following characteristics: [242Pu]total 
= (4.724 ± .008) x 10-4 M, 97.9% Pu(V/VI), as determined by lanthanum fluoride 
coprecipitation. 
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XAS exper imental  condit ions and methods 
Samples were prepared for XAS by spiking the 242Pu stock solution to yield a suspension 
containing approximately 2.5 g/L quartz and 1.76 x 10-5 M 242Pu.  The total volume of the 
suspension was approximately 40 mL.  The suspension was prepared in 10 mM NaCl and 
adjusted to pH 6 using NaOH or HCl, then mixed end-over-end for 10 days.  The pH was 
monitored over time to ensure minimal drift due to buffering from the quartz. 
 Following equilibration, the suspension was loaded as a wet paste (approximately 
0.4% aqueous content) into a 20 mm3 sample cell and sealed with Kapton tape. The sample 
cell was loaded into secondary housing for mounting on a cryostat at the beamline, wrapped 
with moist tissues, and shipped overnight to the synchrotron facility with ice packs.  Before 
loading the sample cell, the pH of the suspension was measured, homogenous aliquots were 
taken for ICP-MS as described above, and the wet solids were saved for transmission 
electron microscopy (TEM) analysis. 
 All sample spectra were collected at liquid nitrogen temperature using a cryostat 
specially engineered by Los Alamos National Lab to mitigate beam-induced reduction of the 
sample.  Plutonium LIII-edge (18,057 eV) X-ray absorption near edge structure (XANES) 
spectra were collected at the Stanford Synchrotron Radiation Lightsource (SSRL) on 
beamline 11-2 using a Si(220) double-crystal monochromator.  Data were collected in 
fluorescence mode using a 32-element germanium detector.  Energy calibration was 
performed at the zirconium K-edge (17,998 eV) using a Zr reference foil.  
 Raw data were pre-edge subtracted and normalized using Sixpack186, a software 
package for XAS data analysis.  Energy shifts (< 1 eV) during the plutonium XANES 
measurements were corrected with respect to the first derivative of a Zr foil XANES 
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spectrum.  Plutonium oxidation state percentages were acquired in first-derivative XANES 
spectra through least-squares fitting of normalized Pu(III), Pu(IV), Pu(V), and Pu(VI) first-
derivative XANES spectra that were published by Hu et al.162.  Spectra deconvolution was 
conducted at the energy range of 17897-18230 eV without the use of smoothing function. 
Transmission Electron Microscopy (TEM) Imaging 
A homogeneous aliquot was taken from the suspension prepared for XAS analysis.  This 
aliquot was centrifuged to leave particles <100 nm in solution.  The supernatant was 
removed and the remaining solids were resuspended in deionized water.  The resulting 
suspension was added dropwise onto a lacy carbon gird (Ted Pella) and dried under a lamp.  
The sample was imaged at the Clemson University Electron Microscope Facility using a 
Hitachi HD2000 TEM run at 200-kv under scanning electron and z-contrast modes and 
equipped with an Oxford INCA Energy 200 energy dispersive x-ray spectroscopy system.  A 
Hitachi H-9500 high-resolution TEM was also used, running at 300-kv. 
Oxidation state analysis technique 
Oxidation state analysis was performed using lanthanum fluoride coprecipitation and solvent 
extraction.  Separation of plutonium oxidation states by lanthanum fluoride was based on 
the method described by Kobashi et al.187.  Using this technique, LaF3 coprecipitates Pu(III) 
and Pu(IV) and leaves Pu(V) and Pu(VI) in the aqueous phase.  Therefore, by measuring the 
concentration of plutonium in solution before and after precipitation of LaF3, the 
distribution of Pu(III/IV) and Pu(V/VI) can be determined by difference.  Note that this 
procedure cannot separate Pu(V) from Pu(VI), so the data are reported as combined 
Pu(V/VI).  Separation of plutonium oxidation states by solvent extraction was done using 
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0.5 M bis-(ethylhexyl)-phosphoric acid (HDEHP) in hexane and 0.025 M 4-benzyol-3-
methyl-1-pheyl-2-pyrazolin-5-one (PMBP) in hexane as the extractants187–190.  The 0.025 M 
PMBP solution selectively extracts Pu(IV) from a pH 0 aqueous phase, leaving Pu(V) and 
Pu(VI) behind.  A 0.5 M HDEHP solution selectively extracts Pu(IV) and Pu(VI) from a pH 
0 aqueous phase, leaving Pu(V) in the aqueous phase.  The concentration of plutonium in 
the organic, aqueous, and supernatant phases described above was measured using liquid 
scintillation counting (LSC).  Reagent blanks containing no plutonium allowed for the 
determination of the count rate due to background radiation and chemiluminescence.  A 
new background sample was prepared for each analysis to prevent inclusion of elevated 
background counts due to radon diffusion into the scintillation cocktail. 
RESULTS AND DISCUSSION 
Pu(V) sorption to quartz 
Adsorption of plutonium (added as primarily Pu(V)) to quartz was monitored as a function 
of time and total alpha radioactivity ( Figure 33).  The fraction of sorbed plutonium 
increased with increasing time and pH for all systems.  In systems containing both 238Pu and 
242Pu (i.e., at 19,000 and 36,000 Bq/L), the fraction of sorbed plutonium was comparable for 
both isotopes.  Data for 238Pu are presented Appendix A.  Under the conditions of the batch 
sorption experiments, Pu(V) remains as the free dioxycation and does not hydrolyze until 
approximately pH 10; PuO2(CO3)x
1-2x species are also negligible under these pH conditions.  
Therefore, within the pH range studied here (i.e., pH 3, 5, and 7), PuO2
+ is the predominant 
aqueous-phase species.  Similarly, Pu(VI) is expected to be present as PuO2
+2. As the pH  
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Figure 33.  Sorption of 242Pu to quartz as a function of time and total alpha 
radioactivity at (A) pH 5 and (B) pH 7. Experimental conditions: [SiO2] = 10 g/L; 
0.01 M NaCl; 242Pu initially added as Pu(V/VI).  The values represent the average of 
duplicate samples.  Error bars represent the error propagated from uncertainty in 
ICP-MS measurements and are similar to those reported in Appendix A for 238Pu, 
which are based on propagation of counting statistics.  Open symbols represent 
experiments in which plutonium was added as Pu(IV). 
 
increases, the quartz surface becomes more negatively charged, causing a greater attraction 
of the cationic PuO2
+ species. 
The open data points in Figure 33 represent the fraction of sorbed plutonium in 
experiments where plutonium was added as Pu(IV) instead of Pu(V).  After one year, the 
fraction sorbed in the initially Pu(V) suspensions is similar to that of Pu(IV) suggesting 
reduction of Pu(V) to Pu(IV).  After nearly two years, the average oxidation state 
distribution of 242Pu in the no-solid controls was 11 ± 1% Pu(IV), 57 ± 3% Pu(V), and 32 ± 
4% Pu(VI).  Therefore, very little plutonium was reduced to Pu(IV) in the absence of the 
quartz surface at a pH of 4.16 ± 0.06.  This indicates that the reduction of Pu(V) to Pu(IV) 
in the presence of quartz is surface-mediated.  Based on the in-situ oxidation state analysis 
via XANES discussed below and other observations of surface-mediated reduction11,18,20–22,24–
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28,30,32,63,184, reduction of Pu(V) to Pu(IV) does indeed appear to be occurring in these systems.  
Additionally, no sorption of plutonium was observed in systems at pH 3 (data not shown). 
Determination of the oxidation state of sorbed plutonium 
Batch desorpt ion exper iments  
Batch desorption experiments were used to close the mass balance and determine the 
oxidation state of sorbed plutonium.  After a 15-minute leach with 0.3 M HCl, counting 
results and mass balance calculations indicated that 11 ± 4% and 15 ± 4% of plutonium was 
removed from the quartz surface in solutions containing 19,000 Bq/L and 36,000 Bq/L 
alpha radioactivity, respectively.  As discussed in section 2.1.5, the acid leaching step was 
assumed to quantitatively remove Pu(V) and Pu(VI) from the quartz surface.  Any 
unleachable plutonium was assumed to be Pu(IV).  Therefore, 89 ± 4% and 82 ± 4% of 
plutonium was Pu(IV) in systems containing 19,000 Bq/L and 36,000 Bq/L plutonium, 
respectively.  Quantitative desorption of Pu(IV) was achieved through two desorption steps 
using 8 M HNO3 and concentrated HF.  Approximately 82% and 92% of the remaining 
sorbed Pu(IV) was desorbed using 8 M HNO3.  The remaining 18% and 8% of Pu(IV) was 
desorbed using concentrated HF.  The vigor required to remove plutonium from the solid 
phase indicates a strongly-bound plutonium surface complex.  Current, ongoing research is 
aimed at using extended X-ray absorption fine structure (EXAFS) spectroscopy analysis to 
determine plutonium-quartz surface species. 
X-ray absorpt ion spec troscopy 
X-ray absorption near edge structure spectroscopy (XANES) was used to directly observe 
the oxidation state distribution of plutonium in the wet quartz paste (approximately 0.4% 
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aqueous content).  ICP-MS analysis of the suspension prior to loading of the sample cell 
indicate approximately 79% of the plutonium was associated with the solid phase.  Aqueous 
speciation and solubility calculations indicated that the initial suspension was oversaturated 
with respect to PuO2(s) (3.72 x 10
-7 M Pu(IV) was added).  Figure 34 shows the fit to the 
first derivative spectrum of the Pu LIII-edge for plutonium sorbed on quartz.  The oxidation 
state distribution required to produce this fit was 65.66 ± 0.60 % Pu(IV) and 34.34 ± 0.60 % 
Pu(V).  This lower percentage of Pu(IV) associated with the solid phase as compared to the 
amount of Pu(IV) determined to be associated with the surfaces in the batch sorption 
experiments (see batch sorption experiments below) is likely due to the relative difference in 
equilibration times of the two samples.  Regardless, these data clearly show that reduction to 
Pu(IV) is occurring in the presence of quartz, consistent with the batch sorption experiments 
and solvent extraction oxidation state analyses. 
 
 
Figure 34.  Plutonium LIII-edge first-derivative XANES spectra for Pu(V/VI) sorbed 
on quartz. 
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Samples of the suspension analyzed by XANES were also imaged using scanning 
transmission electron microscopy (STEM), high-resolution TEM, and energy dispersive x-
ray spectroscopy (EDS).  Plutonium was found associated with the quartz surface using 
STEM with EDS.  Plutonium colloids were also observed using high-resolution TEM 
imaging.  No lattice structure could be resolved, but the colloidal species resembled those 
reported by Powell et al.161.  An EDS map with the corresponding spectrum as well as 
representative photographs from high-resolution TEM are presented in Appendix A.  The 
authors estimate that less than 25% of the quartz particles investigated using high-resolution 
TEM were found to have plutonium colloids associated with them.  It is further estimated 
that less than 1% of a quartz particle had plutonium colloids associated with it.  Future 
extended x-ray absorption fine structure spectroscopy (EXAFS) will determine if the Pu(IV) 
contribution to the XANES fit is monomeric, sorbed Pu(IV) or a Pu(IV) precipitate. 
Radiolysis at the mineral surface as a mechanism for surface-mediated reduction of 
plutonium 
Turner64 states that alpha radiolysis of water may produce the following species: •OH, H3O
+, 
e-(aq), •H, H2, and H2O2.  Of these radiolysis products, e
-(aq), •H, and H2O2 are capable of 
reducing Pu(V) to Pu(IV) in the absence of a catalyst65–68.  The hydrogen radical is known to 
react with itself and •OH to produce H2 and water, respectively
66,67.  However, neither 
molecular hydrogen nor water reduces Pu(V) to Pu(IV) in the absence of a catalyst65,69; 
therefore, •H is not responsible for surface-mediated reduction of plutonium.  Linear 
interpolation of the G values reported by Turner64 show that 0.025 hydrated electrons (e-
(aq)) and 1.99 H2O2, molecules will be generated for every 100 eV of energy deposited by the 
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4.856 MeV alpha particle from 242Pu.  Similarly, 0.11 e-(aq) and 2.10 H2O2 molecules will be 
generated for every 100 eV of energy deposited by the 5.465 MeV alpha particle from 238Pu.  
Decomposition rate constants are on the order of 1013 days-1 for e-(aq)70 and 10-2 days-1 for 
H2O2
191. 
A control volume was defined by calculating the range of an alpha particle in water 
via empirical equations 39 and 40192 , and assuming a plutonium atom was sitting at the 
surface of a quartz particle (see Figure 35). 
 𝑅! = 1.24𝑀!/!𝑅!  (39) 𝑅! = 1.24𝐸 − 2.62  (40) 
 
 
Figure 35.  Depiction of the calculation of the control volume based on rq, the radius 
of a quartz particle, and Rw, the range of an alpha particle in water.  The control 
volume is represented by the white donut. 
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Rw is the range of an alpha particle in water in centimeters, M is the atomic mass of water in 
grams, Ra is the range of the alpha particle in air in centimeters, and E is the energy of the 
alpha particle in MeV provided 4 < E < 8 MeV.  This results in a range of 61.03 and 49.93 
 m in water from the 5.465 and 4.856 MeV alpha particles of 238Pu and 242Pu, respectively.  
As shown in Figure 35, the control volume was calculated by subtracting the volume of a 
sphere with a radius equal to that of a quartz particle (rq) from the volume of a sphere with a 
radius equal to rq + Rw. 
A conservative estimate of the amount of e-(aq) or H2O2 available for reduction of 
plutonium at each equilibration time was calculated assuming first order kinetics and that all 
generated e-(aq) or H2O2 remained within the control volume: 
 𝑁 = 𝑁!𝑒!!"  (41) 𝑁! = !!!!!"!"   (42) 
 
where N is the number of e-(aq) or H2O2 particles, k is the decomposition rate constant in 
inverse days, t is the equilibration time in days, N0 is the number of e
-(aq) or H2O2 particles 
created by alpha radiolysis, As is the activity of sorbed plutonium,  E  is the energy of the 
alpha particle, G is the G value (number per 100 eV), and CV is the control volume in liters.  
The concentration of plutonium associated with the solid phase is assumed to be on the 
solid phase from t0 to t, and is therefore a conservative estimate of the amount of e
-(aq) or 
H2O2 particles created by alpha radiolysis.  The concentration of radiolysis products was 
calculated for discrete equilibration times and pH values.  These calculations indicate that 
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there is no e-(aq) available to react with plutonium in these systems due to the rapid 
decomposition rate and that the greatest amount of H2O2 in any system at any time or pH is 
1.18 x 10-8 M.  This is less than the concentration of plutonium added to each system, ~4 x 
10-8 M.  Therefore, it appears that radiolysis products are not responsible for the reduction of 
Pu(V) in these systems.  
Kinetics of Pu(V) sorption to quartz 
The rate of Pu(V) sorption was determined using a pseudo first-order model and examined 
as a function of total alpha activity (Figure 36).  A weighted linear regression was used to 
determine the rate constant at each pH and activity concentration.  The weighted model was 
based on reciprocal error values; points with smaller error values were given more weight 
(see Appendix A).  At pH 5, increasing the total alpha activity of the system did not affect 
the rate constant (Figure 36).  Rate constants are an order of magnitude higher at pH 7 than 
at pH 5, regardless of radioactivity.  In addition, the rate constant approximately doubles 
when the activity concentration is increased from 1,500 Bq/L to 19,000 Bq/L at pH 7.  
Increasing the total alpha activity to 36,000 Bq/L did not affect the rate constant.  Based on 
these results, there does not appear to be a dependence of the rate constant on activity 
concentration.  This observation provides additional evidence that alpha radiolysis is not the 
main mechanism for the surface-mediated reduction of plutonium in these systems.   
Disproportionation as a mechanism for surface-mediated reduction of plutonium 
As mentioned above, the two possible mechanisms hypothesized to be responsible for 
surface-mediated reduction in these systems are radiolysis at the mineral surface and 
disproportionation of Pu(V).  Based on the analysis of radiolysis product production and 
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Figure 36.  Pseudo first-order rate constants for Pu(V) sorption to quartz as a 
function of activity concentration and pH. 
 
decay, radiolysis at the mineral surface has been ruled out.  The potential of 
disproportionation of Pu(V) as the reduction mechanism must also be considered. 
Previous studies have investigated the rate of Pu(V) disproportionation41,43,44.  While these 
studies were conducted under pH < 1 in order to minimize the effects of plutonium 
hydrolysis and are not directly applicable to the experimental results reported here, Connick41 
shows an important trend—that the rate of Pu(V) disproportionation increases with 
decreasing pH.  This is shown mathematically by assuming that, because little or no Pu(III) 
is present in these systems, Pu(V) disproportionation will proceed via reaction 43: 
 2PuO!! + 4H! ↔ Pu!! + PuO!!! + 2H!O  (43) 
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The corresponding equilibrium constant would have an inverse fourth order dependence on 
the hydrogen ion concentration in solution as well as a second order dependence on the 
concentration of Pu(V): 
 K = !"!! !"!!!! !!"#!!"!!! ![!!]! = !!!!!  (44) 
 
where K is the equilibrium constant, k1 is the rate constant of the forward reaction and k-1 is 
the rate constant of the reverse reaction.  Therefore, as the pH increases, the 
disproportionation reaction will be driven in the reverse direction.  That is, less Pu(IV) and 
Pu(VI) will be produced at higher pHs in order to maintain equilibrium.   
Kersting et al.63 studied the rate of Pu(V) disproportionation in J-13 well water  (pH 
~8) and reported a Pu(V) disproportionation half-life of 0.16 years63,193, which is equivalent 
to a rate constant of 0.012 days-1.  Using the trend established by Connick41, the rate of 
Pu(V) disproportionation will be higher at pH 7 than at pH 8.  Since the rate constant at pH 
8 is similar to, or slower than, the rate of sorption at pH 7, it is unclear whether the observed 
sorption rate at pH 7 is due to Pu(V) disproportionation.  However, this same logic can be 
applied to the data at pH 5.  Because the sorption rate constants at pH 5 are an order of 
magnitude lower than the rate of Pu(V) disproportionation at pH 8, and because the rate of 
Pu(V) disproportionation will be faster at pH 5, this suggests that the observed rate of 
sorption at pH 5 is not due to disproportionation.   
This logic can also be extended to natural systems with far lower plutonium concentrations 
than those used in this work.  Table 20 shows the observed range of plutonium  
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Table 20.  Concentrations of plutonium in groundwater at US Department of Energy 
sites and Russia. 
Site 
Observed  
[239Pu] (M) 
Source 
Hanford,100K-area 7 x 10-18 – 7 x 10-20 Dai et al.194 
INEL, Chemical Processing Plant 2 x 10-17 Cleveland and Rees195 
LANL, Mortandad Canyon 3 x 10-12 – 1 x 10-14 Penrose et al.196 
Mayak, Russia 5 x 10-14 – 9 x 10-12 Novikov et al.2 
NTS, ER-20-5 Well Cluster 1 x 10-14 Kersting et al.1 
SRNL, F-Area Seepage Basin 2 x 10-13 – 9 x 10-13 Kaplan et al.197 
 
concentrations in groundwaters at select U.S. Department of Energy sites and the Mayak 
facility in Russia.  These concentrations are several orders of magnitude lower than those 
here or in Kersting et al.63.  Based on reaction 43 and equation 44, the rate of 
disproportionation will decrease with decreasing plutonium concentrations.  Therefore, at 
plutonium concentrations measured in the environment, it is expected that the rate of Pu(V) 
disproportionation in environmental systems would be even slower than that reported by 
Kersting et al.63.  Based on these results, Pu(V) disproportionation does not appear to be the 
main mechanism of surface-mediated reduction of Pu(V). 
Furthermore, extrapolation of disproportionation effects across the pH range of this 
study is difficult due to the hydrolysis of plutonium.  The disproportionation of Pu(V) could 
be described by the following reactions assuming different speciation of Pu(IV) and Pu(V) at 
higher pH values: 
 2PuO!! + H!O+ H! ↔ Pu(OH)!! + PuO!!!   (45) 
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2PuO!! + 2H!O ↔ Pu(OH)! + PuO!!!  (46) 2PuO!! + 3H!O ↔ Pu(OH)! + PuO!OH! + H!  (47) 
 
It is prudent to note that reactions 45, 46, and 47 exhibit different pH dependences.  Based 
on Le Chatelier’s principle, reaction 45 shows that increasing the pH will correspond to a 
decrease in the disproportionation of Pu(V) and reaction 47 shows that disproportionation 
will increase with increasing pH.  Reaction 46 does not have a pH dependence.  In the 
absence of supporting data, the necessary influence of the plutonium concentration indicates 
disproportionation is not responsible for the surface-mediated reduction of plutonium 
observed in the batch sorption experiments. 
Nernstian favorability of Pu(IV) surface complexes 
In the previous sections, alpha radiolysis and Pu(V) disproportionation were eliminated as 
potential mechanisms for surface-mediated reduction of plutonium on quartz.  This suggests 
that reduction of Pu(V) to Pu(IV) must be based on a thermodynamic favorability of Pu(IV) 
surface complexes or surface precipitates.  This hypothesis is supported by the significantly 
higher solid-phase loading of plutonium in the XAS sample compared to the batch sorption 
experiments.  To evaluate the energetics required for such a reaction, the net additional 
energy required to reduce Pu(V) on a mineral surface was calculated.  The authors wish to 
note this is purely an example calculation to demonstrate the relative magnitude of change in 
redox potential of the sorbed species required for surface mediated reduction to occur. 
Spectroscopic determination of specific species involved is needed to fully constrain these 
reactions. At pH 7, the oxidation of Pu(IV) by oxygen can be written as: 
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 0.25O! g + H! + Pu OH ! aq ↔ PuO!! + 2.5H!O  (48) 
 
The log K for this reaction is 11.82, based on the Gibbs free energy values reported by Clark 
et al. 34 for the hydrolysis of Pu+4 and a log K of 20.78 for the O2/H2O couple.  Reaction 48 
can be expressed as the equilibrium relationship: 
 
K = !"!!! !!!!!.!!" !" ! !! !!!!.!"  (49) 
 
where  is the activity of water and  is the partial pressure of oxygen.  Equation 49 can 
be rewritten as equation 50 to express the ratio of Pu(V) to Pu(IV) as a function of the 
stability constant, pH, and oxygen fugacity: 
 K H! P!!!.!" = [!"!!!][!" !" !]  (50) 
 
In order for the Pu(V)/Pu(IV) ratio to be at least one (i.e., some reduction of Pu(V) to 
Pu(IV) has occurred at the quartz surface) at pH 7, the log K value would have to be 7.16.  
Therefore, the difference in log K values is calculated as  K = 11.82 - 7.16 = 4.66.  This 
difference corresponds to a  G of -26.56 kJ/mol and a  E value of 0.28 V.  Therefore, the 
redox potential of the Pu(V)/Pu(IV) couple would need to be raised by only 0.28 V in order 
for Pu(IV) surface complexes to be thermodynamically favorable.  Considering the known 
aH2O PO2
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thermodynamic favorability of Pu(IV)-hydroxide complexes and the abundant hydroxide 
sites on mineral surfaces, the possibility of the increased reduction potential of  a 
Pu(V)/Pu(IV) surface complex as compared to aqueous Pu(V)/Pu(IV) should be examined 
further.  Furthermore, the observation of plutonium nanocolloids on the mineral surface 
represents another possible thermodynamic sink.  Due to the known insolubility of PuO2(s) 
and the similarity in appearance of the plutonium nanocolloids in this work to those 
observed by Powell et al.161, it can be reasonably assumed that the nanocolloids observed in 
this work are Pu(IV).  Formation of either a monomeric Pu(IV) surface complex or a Pu(IV) 
nanocolloid would require Pu(V) reduction to occur and both end products represent a 
significant thermochemical gradient due to the stability of Pu(IV) hydrolysis products. 
Determination of which end product is dominant and the mechanism of formation of the 
plutonium nanocolloids is the subject of ongoing and future work.  
CONCLUSIONS 
The convergence of the initially Pu(V) and initially Pu(IV) sorption data, batch desorption 
experiments with oxidation state analyses, and XANES all indicate reduction of Pu(V/VI) to 
Pu(IV).  An investigation of the kinetics of Pu(V) sorption to quartz showed that there was 
no significant dependence of the reaction rate constant on the total alpha activity of the 
solution.  Therefore, radiolysis at the mineral surface does not appear to be the main 
mechanism responsible for surface-mediated reduction of plutonium in these systems.  A 
comparison of the reaction rate constants to the rate of disproportionation also showed that 
disproportionation of Pu(V) also does not appear to be responsible for surface-mediated 
reduction of plutonium in these systems.  Because the high-purity quartz used in this study is 
 139 
not a semiconductor and does not contain any detectable impurities that may act as an 
electron shuttle (e.g., iron or manganese), there is no clear driver for surface-mediated 
reduction in these systems.  This is particularly evident when comparing batch sorption and 
XAS results.  If trace reductants were present in the high-purity quartz, plutonium reduction 
would not have been observed in the XAS samples since the plutonium to surface area ratio 
is 1200 times greater than in the batch sorption experiments.  Thermodynamic calculations 
indicate that the reduction potential of the Pu(V)/Pu(IV) couple would only need to be 
increased by 0.28 V in order for the Pu(IV) surface complex to be thermodynamically 
favorable.  Therefore, it is reasonable to suggest that a thermodynamic gradient to the 
formation of a surface bound, hydrolyzed Pu(IV) complex or Pu(IV) nanocolloid drives 
Pu(V) reduction to Pu(IV) in the presence of quartz.  Examination of this potential 
mechanism is the subject of ongoing and future work. 
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CHAPTER THREE: KINETICS OF PU(V) SORPTION AND 
REDUCTION ON HEMATITE AS A FUNCTION OF PLUTONIUM 
CONCENTRATION 
INTRODUCTION 
Reactive transport models, which couple aqueous speciation, redox reactions, and sorption 
reactions with a hydrologic flow model, are used to predict the mobility of plutonium at 
contaminated sites.  In order for these models to be reliable, the supporting geochemical 
models must take into account the complexation, precipitation, and oxidation/reduction 
reactions that ultimately affect the environmental behavior of plutonium16,60,198. These 
models are generally informed through controlled batch-sorption studies and, more recently, 
spectroscopic methods that provide a molecular-level understanding of processes at the 
mineral-water interface.  However, these spectroscopic methods have high detection limits 
and require plutonium concentrations around 10-5 M.  This is six to fifteen orders of 
magnitude higher than the plutonium concentrations observed in the groundwater at several 
US Department of Energy (DOE) facilities1,2,194–197.  Therefore, it is important to know if 
observations at high plutonium concentrations can be extrapolated to low plutonium 
concentrations. 
Previous studies have observed the surface-mediated reduction of Pu(V) to Pu(IV) 
on a variety of environmentally-relevant solid phases11,17,18,20–23,25–28,30,32,33,63,164,199, although the 
mechanism(s) responsible for this behavior are not completely understood.  Hypotheses 
include radiolysis at the mineral surface20,21,33, electron transfer via ferrous iron or Mn(II/III) 
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in the mineral structure13,21,22,25,30,32, disproportionation of Pu(V)11,21,27,33,184, electron shuttling 
due to the semiconductor properties of the mineral11,22, and reduction based on a Nernstian 
favorability of Pu(IV) surface complexes22,33. 
The purpose of this work was to determine the reaction order with respect to 
plutonium concentration for Pu(V) adsorption and reduction on hematite.  Experiments 
were conducted at plutonium concentrations ranging from (2.70 ± 0.03) x 10-8 M to (4.57 ± 
0.10) x 10-6 M at pH 5 and 0.3 g/L (9.3 m2/L) hematite.  Possible reaction mechanisms are 
discussed with respect to the range of plutonium concentrations studied. 
MATERIALS AND METHODS 
Solid Phase Synthesis and Characterization 
Hematite was synthesized using the method of Schwertmann and Cornell200.  Briefly, 0.42 M 
Fe(NO3)3 9H2O was heated to 90°C and then added to a flask containing 0.9 M KOH at 
the same temperature.  Potassium bicarbonate, 1 M, was added to the solution, which as 
then heated at 90°C for approximately 65 hours.  The cooled product was centrifuged to 
retain particles > 100 nm.  The wet solids were washed six times with distilled deionized 
(DDI) water and then dialyzed until the conductivity of the outer solution reached 8.2  S, 
which took approximately 17 days.  The DDI water was refreshed every 2-3 days during this 
period.  The N2(g)-BET surface area of the dialyzed product, 31 m
2/g, was measured at 77 K 
using a Micromeritics ASAP 2010 physisorption analyzer.  The dialyzed hematite was freeze-
dried on a VirTis benchtop 6K instrument and diluted to make a 0.585 g/L (18.135 m2/L) 
working solution. 
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Pu(V) Working Solution Preparation 
A summary of the Pu(V) working solutions used in this study is provided in Table 21.  To 
prepare the (1.426 ± 0.007) x 10-6 M plutonium working solution, a small aliquot of a 4.327 
 M plutonium stock solution (New Brunswick lab, CRM 130) in 1M HNO3 was spiked with 
a small aliquot of a 50.01  Ci 238Pu stock solution (Eckert and Ziegler Isotope Products; 
Valencia, CA) and repeatedly evaporated in small volumes of concentrated nitric acid to 
destroy any organic material that may be present.  The CRM 130 plutonium stock is 
predominantly 242Pu by mass, but the radioactivity is dominated by 241Pu; the full isotopic 
distribution is provided in Appendix B.  Because 238Pu has a higher specific activity than 
242Pu (633 GBq/g and 0.0146 GBq/g, respectively), the use of dual isotopes ensured that 
liquid scintillation counting (LSC) could be used to monitor the oxidation state distribution 
of plutonium in the batch sorption reactors.  The resulting residue was reconstituted in 8 M 
HNO3 and purified using the HASL method
201, which involved the use of a Bio-rad AG 1-
X8 ion exchange column conditioned with 8 M HNO3.  Plutonium was eluted from the 
column using 0.5 M HNO3 and 0.3 M NH2OHHCl – 0.5 M HNO3.  Concentrated nitric 
acid was added dropwise to the eluent until effervescence was observed before repeated 
evaporations in concentrated HNO3.  In order to oxidize the plutonium to Pu(VI), the 
residue was reconstituted in concentrated HClO4, boiled at 280°C for 20 minutes, and 
evaporated over low heat to reduce the solution volume.  The solution was then diluted to 
pH 4 using DDI water.   
The (1.72 ± 0.04) x 10-7 M, (2.99 ± 0.07) x 10-7 M, (1.53 ± 0.02) x 10-6 M, and (8.92 
± 0.09) x 10-6 M plutonium working solutions were prepared from a 242Pu nitrate stock 
provided by Idaho National Laboratory, which was also purified by repeated evaporations in  
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Table 21.  Plutonium working solution concentrations and oxidation state 
distributions.  Error is propagated from counting statistics. 
[Pu]T (M) % Pu(IV) % Pu(V) % Pu(VI) 
(1.72 ± 0.04) x 10-7 8 ± 3 92 ± 7 0 ± 10 
(2.99 ± 0.07) x 10-7  0.9 ± 0.4 99 ± 3 0 ± 4 
(1.426 ± 0.007) x 
10-6 6 ± 1 93 ± 4 1 ± 6 
(1.53 ± 0.02) x 10-6  3 ± 1 89 ± 7 8 ± 10 
(8.92 ± 0.09) x 10-6 2.0 ± 0.1 98 ± 2 0 ± 0.02 
 
concentrated HNO3 and an ion exchange column.  The residue was diluted to pH 4 with 
DDI water, yielding a (2.20 ± 0.03) x 10-3 M 242Pu solution that was then diluted accordingly 
using DDI water to achieve the plutonium working solution concentrations listed in Table 
21. 
Batch Sorption Experimental Conditions and Methods 
Batch sorption experiments were performed by spiking the appropriate Pu(V) working 
solution into suspensions containing approximately 0.3 g/L hematite (9.3 m2/L) and 
adjusting to pH 5.  Samples were also prepared at pH 4 and pH 6 to study the effect of pH 
on the reaction rate.  The samples were mixed end-over-end in ambient light for various 
reaction times.  Samples were also prepared in the dark as a comparison by wrapping the 
tubes with black electrical tape. 
At each equilibration time, the entire reactor was centrifuged at 9000 rpm for 15 min 
(Beckman Coulter Allegra X-22R Centrifuge equipped with a C1015 rotor) to leave particles 
< 100 nm in solution.  The size fraction was calculated from Stokes law, as described in 
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Jackson185.  An aliquot of the aqueous phase was measured by liquid scintillation counting 
(LSC) and the oxidation state distribution of the aqueous phase was determined using the 
lanthanum fluoride coprecipitation and solvent extraction methods described below.  The 
remaining aqueous phase was decanted and the wet solid phase was resuspended in 0.3 M 
HCl and mixed for 15 minutes to leach sorbed plutonium into the acidic aqueous phase.  
The suspension was again centrifuged to leave particles < 100 nm in solution.  The oxidation 
state of plutonium in the acid leachate was determined using lanthanum fluoride 
precipitation and solvent extraction, which are described below.  The acid leaching step was 
assumed to quantitatively remove Pu(V) and Pu(VI) from the hematite surface.  Any 
unleachable plutonium was assumed to be Pu(IV)11,22,30,33. 
 Select samples also underwent a filtration procedure to monitor for the presence of 
colloids.  Aliquots of the supernatant and leachate were passed through 30 K MWCO filters 
(Millipore).  The filtrate was analyzed for total plutonium concentration and the oxidation 
state distribution was determined.  These results were compared to the total plutonium and 
oxidation state distributions determined for the unfiltered supernatant and leachate.  No 
significant differences were observed, indicating that no colloids were artificially created 
during the experiments. 
Oxidation State Analysis Technique  
Oxidation state analysis was performed using lanthanum fluoride coprecipitation and solvent 
extraction.  Separation of plutonium oxidation states by lanthanum fluoride was based on 
the method described by Kobashi et al.187.  Using this technique, LaF3 coprecipitates Pu(III) 
and Pu(IV) and leaves Pu(V) and Pu(VI) in the aqueous phase.  Therefore, by measuring the 
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concentration of plutonium in solution before and after precipitation of LaF3, the 
distribution of Pu(III/IV) and Pu(V/VI) can be determined by difference.  Note that this 
procedure cannot separate Pu(V) from Pu(VI), so the data are reported as combined 
Pu(V/VI).  Separation of plutonium oxidation states by solvent extraction was done using 
0.5 M bis-(ethylhexyl)-phosphoric acid (HDEHP) in cyclohexane and 0.025 M 4-benzyol-3-
methyl-1-phenyl-2-pyrazolin-5-one (PMBP) in cyclohexane as the extractants188–190,202.  A 0.5 
M HDEHP solution selectively extracts Pu(IV) and Pu(VI) from a pH 0 aqueous phase, 
leaving Pu(III) and Pu(V) in the aqueous phase.  The 0.025 M PMBP solution selectively 
extracts Pu(IV) from a pH 0 aqueous phase, leaving Pu(III), Pu(V), and Pu(VI) behind.  The 
concentration of plutonium in the organic, aqueous, and supernatant phases described above 
was measured using LSC.  Reagent blanks containing no plutonium allowed for the 
determination of the count rate due to background radiation and chemiluminescence.  A 
new background sample was prepared for each analysis to prevent inclusion of elevated 
background counts due to radon diffusion into the scintillation cocktail. 
Transmission Electron Microscopy (TEM) Imaging 
To prepare samples for TEM analysis, a homogeneous aliquot was taken from the selected 
sample and centrifuged to leave particles < 100 nm in solution.  The supernatant was 
removed and the remaining solids were resuspended in deionized water.  The resulting 
suspension was added drop-wise onto a lacy carbon grid (Ted Pella) and dried under a lamp.  
The sample was imaged at the Clemson University Electron Microscope Facility using a 
Hitachi HD2000 TEM run at 200-kv under scanning electron and z-contract modes and 
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equipped with an Oxford INCA Energy 200 energy dispersive X-ray spectroscopy (EDX) 
system. 
Rate Constant and Reaction Order Determination 
The overall reaction through which Pu(V) is reduced by hematite consists of both an 
adsorption and a reduction step.  Therefore, two kinetic parameters were determined from 
the data. First-order adsorption rate constants (kads) describe the adsorption of plutonium to 
the solid phase and are based upon measurement of the aqueous plutonium concentration.  
First-order reduction rate constants (kred) describe the reduction of Pu(V) to Pu(IV) on the 
hematite surface and are based upon results from the oxidation state analysis procedure 
described above.  Other reaction orders were examined but did not fit the data for either 
adsorption or reduction.  Because the data indicates the presence of two-step reactions, an 
initial rate was calculated based upon the first data point and a second rate based on the 
remaining data. 
Equation 51 describes the disappearance of Pu(V) from the aqueous phase as a 
function of total aqueous plutonium concentration [Pu], hematite concentration [ -Fe2O3], 
hydrogen ion concentration [H+], and the overall reaction rate constant, koverall,ads.  
 
d Pu V aq
dt
 = -k!"#$%&&,!"# Pu a  -Fe2O3 b H+ c   (51) 
 
This equation assumes reduction of Pu(V) to Pu(IV) does not occur in the aqueous phase 
and that Pu(IV) produced from the surface-mediated reduction of Pu(V) does not 
repartition into the aqueous phase.  Analysis of the oxidation state distribution of plutonium 
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in the aqueous phase of the batch sorption reactors showed only Pu(V).  If the assumption 
discussed above were incorrect, Pu(IV) would have been measured in the aqueous phase. 
The coefficients a, b, and c in equation 51 are the reaction orders for plutonium, 
hematite, and hydrogen ion concentrations, respectively; b and c have been previously 
determined to be 2.08 ± 0.32 and -0.39 ± 0.05, respectively22 in systems with initial Pu(V) 
concentrations of 1.5 x 10-8 M.  However, it is not necessary to use those reaction order 
terms in this work because the overall rates can be normalized to a conditional rate constant 
expressed as equation 52 
 
krxn  =  -kFe,H' Pu a   (52) 
 
where kFe,H
'   =  k α-Fe2O3 b H+ c.  Therefore, a log-log plot of krxn versus plutonium 
concentration should yield a straight line with slope equal to a. 
First-order adsorption rate constants were obtained from 
 
d Pu aq
dt
  =  -kads Pu aq  (53) 
 
where [Pu]aq is the concentration of plutonium in the aqueous phase.  Equation 53 was 
integrated so that a plot of ln([Pu]aq,t/[Pu]aq,0) versus time yields the first-order adsorption 
rate constant as the slope.  First-order reduction rate constants were obtained from 
 
dfaq+s
ox
dt
  =  -kredfaq+sox    (54) 
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where faq+s
ox  is the fraction of Pu(V/VI) in the total system (solid + aqueous phases).  
Equation 54 was integrated so that a plot of ln(faq+s,tox /faq+s,0ox ) versus time yields the first-
order reduction rate constant as the slope.  The fraction of oxidized plutonium was used 
instead of just the fraction of Pu(V) because there was a systematic error in the solvent 
extraction results from the solid-phase leachate caused by a failure of HDEHP to extract 
Pu(IV) into the organic phase.  Based on the results of the lanthanum fluoride 
coprecipitation step, there is negligible change in the amount of Pu(VI) in the system. 
RESULTS AND DISCUSSION 
Effect of Plutonium Concentration on Pu(V) Reduction by Hematite 
The fraction of plutonium remaining in the aqueous phase of hematite suspensions was 
monitored as a function of time and plutonium concentration.  As shown in FFigure 37A, 
the fraction of plutonium in the aqueous phase decreases with increasing time, regardless of 
plutonium concentration, and is due to adsorption of plutonium to the hematite surface.  At 
pH 5, Pu(V) exists as the linear dioxycation, PuO2
+, and the hematite surface has a net 
positive charge.  Although electrostatic repulsion between the positively charged aqueous 
plutonium ion and the positively charged hematite surface is expected, adsorption is 
observed due to the free energy associated with the deprotonation of surface hydroxyl 
groups and the formation of O-Pu bonds with the hematite surface.  Removal of plutonium 
from the aqueous phase is attributed to adsorption because no plutonium colloid or 
precipitates using transmission electron microscopy (TEM) and energy dispersive X-ray 
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(EDX) mapping.  More details on the results of TEM and EDX characterization of batch 
sorption samples are discussed below. 
The linear regressions displayed in Figure 37B describe the first-order adsorption 
rate constants, which are based on the integration of Equation 53 and can be found in Table 
22.  The rate of adsorption decreases with increasing plutonium concentration.  This 
behavior is not expected to result from site-limited kinetics.  Assuming a conservative 
estimate of 2.3 sites/nm2, the molar sorption site concentration in each suspension would be 
approximately 3.5 x 10-5 M, which is an order of magnitude higher than the highest 
plutonium concentration used in this study, (4.57 ± 0.10) x 10-6 M.  At the highest plutonium 
concentrations, (7.83 ± 0.20) x 10-7 M and (4.57 ± 0.10) x 10-6 M, the linear regression has a 
y-intercept nearly equal to zero, which is expected because no plutonium should be adsorbed 
at time zero.  However, as the plutonium concentration decreases, the y-intercept diverges 
from zero.  This suggests a two-step adsorption process, where the first step is extremely 
rapid and represented by a line connecting zero on the y-axis to the first sampling point.  
The second step is slower and indicated by the linear trends shown in Figure 37B.  This data 
suggests that adsorption is the rate-limiting step a low concentrations, whereas reduction is 
the rate-limiting step at high plutonium concentrations.  Therefore, the equations presented 
in the materials and methods section are not applicable to the entire dataset. 
Figure 38 shows the oxidation state distribution of sorbed plutonium as a function of 
time and plutonium concentration.  In all but the lowest concentration system, there is a 
decrease in the fraction of Pu(V/VI) on the solid phase with an associated increase in the 
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Figure 37.  (A) Fraction of plutonium remaining in the aqueous phase as a function 
of time and molar plutonium concentration. (B) Determination of the first-order 
adsorption rate constant as a function of molar plutonium concentration.  Average 
pH and [ -Fe2O3] of all five systems were 4.97 ± 0.23 and 0.30 ± 0.07 g/L (9.30 ± 
0.07 m2/L), respectively.  The lines represent linear regression.  Error bars are within 
the data points and represent propagation of error based on counting statistics. 
 
Table 22. First-order adsorption and first-order reduction rate constants describing 
Pu(V) adsorption and reduction by hematite. 
[Pu]T (M) Initial kads (day-1) kads (day-1) Initial kred (day-1) kred (day-1) 
(2.70 ± 0.03) x 10-8 > 134 ± 2 1.49 ± 0.26 > 133.9 ± 0.1 NDb 
(8.83 ± 0.40) x 10-8 > 3.2 ± 0.1 0.49 ± 0.04 > 1.9 ± 0.4 ND 
(1.54 ± 0.06) x 10-7 > 1.42 ± 0.06 0.22 ± 0.03 > 1.3 ± 0.1 0.52 ± 0.00 
(7.83 ± 0.20) x 10-7 N/Aa 0.15 ± 0.02 N/A 0.119 ± 0.004 
(4.57 ± 0.10) x 10-6 N/A 0.030 ± 0.006 N/A 0.034 ± 0.008 
aOnly one step was observed for these samples. bNo rate could be determined from this data. 
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amount of Pu(IV).  At (2.70 ± 0.03) x 10-8 M, it appears that reduction of Pu(V) to Pu(IV) 
occurs immediately after adsorption.   Measurements of the oxidation state distribution in 
the aqueous phase of all systems showed only Pu(V), suggesting that reduction was 
occurring in the double layer or at the mineral surface.  Hematite particles from a sample 
where the initial plutonium concentration was (4.71 ± 0.10) x 10-6 M and leached hematite 
particles from samples where the initial plutonium concentration were (1.54 ± 0.06) x 10-7 
M, (7.83 ± 0.20) x 10-7 M, and (4.57 ± 0.01) x 10-6 M were imaged using TEM.  No 
plutonium colloids or precipitates were found (data not shown).  Furthermore, EDX 
mapping suggested that plutonium was evenly distributed over the surface of hematite 
particles (see Figure 46 in Appendix B).  These observations suggest that solid-phase Pu(IV) 
is sorbed plutonium and not Pu(IV) polymers or PuO2.  The current work was performed at 
pH 5 while the study by Powell et al.161 was performed at pH 8.  It is possible that the 
observation of plutonium nanocolloids by Powell et al.161 was due to the higher pH of that 
system. 
As the plutonium concentration increases, there is an increasing fraction of Pu(V) on 
the hematite surface, particularly at early equilibration times (Figure 38).  To our knowledge, 
this is the first observation of Pu(V) on the surface of hematite.  Previous studies by Powell 
et al.22 did not observe a significant fraction of Pu(V) on the surface of hematite at initial 
concentrations of 1.5 x 10-8 M Pu(V).  Similarly, Romanchuk et al.28 found plutonium as 
Pu(IV) when 10-14 and 10-9 M Pu(V) was added to hematite colloids.  Both of these studies 
agree with our solid-phase oxidation state analyses at (2.70 ± 0.03) x 10-8 M plutonium 
indicating that reduction was very rapid following adsorption, thus making adsorption the 
rate-limiting step.  However, our observation of Pu(V) on the hematite surface at high 
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plutonium concentrations is similar to that observed for plutonium reduction on goethite at 
when plutonium is initially added 1.5 x 10-8 M Pu(V)22 and indicate that reduction was slow 
following adsorption, thus making reduction the rate-limiting step.  Furthermore, the 
complete reduction of Pu(V) to Pu(IV) on the hematite surface is observed in all but the 
highest concentration system, (4.57 ± 0.10) x 10-6 M plutonium, where the steady-state 
oxidation state distribution on the surface is approximately 80% Pu(IV) and 20% Pu(V/VI) 
(Figure 38).  Together, these observations suggest that adsorption is the rate-limiting step at 
low concentrations whereas reduction is the rate-limiting step at high concentrations. 
 
 
Figure 38.  Oxidation state distribution of sorbed plutonium as a function of time at 
(A) (2.70 ± 0.03) x 10-8 M Pu, (B) (1.54 ± 0.06) x 10-7 M Pu, (C) (7.83 ± 0.20) x 10-7 M 
Pu, and (D) (4.57 ± 0.10) x 10-6 M Pu.  Diamonds represent the fraction of Pu(IV); 
squares represent the fraction of Pu(V/VI). 
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The adsorption and reduction data presented above suggest that there are at least 
two mechanisms occurring in solution: 
1. A fast, sorption rate-limiting step capable of reducing at least 1.54 x 10-7 M 
Pu(V).   
2. A slower, reduction rate-limiting step. 
Mechanism 1 is based on the observation that there is a two-step adsorption process 
observed at plutonium concentrations between (2.70 ± 0.03) x 10-8 M and (1.54 ± 0.06) x 10-
7 M, but apparently a one-step adsorption process is observed at (7.83 ± 0.20) x 10-7 M to 
(4.57 ± 0.10) x 10-6 M plutonium (Figure 37B).  While the data at higher plutonium 
concentrations do appear to have only one step, the more likely scenario is that mechanism 1 
is not observed in the solution containing (4.57 ± 0.10) x 10-6 M plutonium because the 
amount of plutonium reduced as a part of this mechanism is such a small fraction of the 
total plutonium in the system (i.e., < 20% of the total plutonium added).  We hypothesize 
that mechanism 1 is due to reduction of a small amount of Pu(V) by easily mobile electrons 
from small amounts of Fe(II) impurities. Williams and Scherer179 used Mössbauer 
spectroscopy to show that Fe(II) reacted with hematite resulted in electron transfer between 
adsorbed Fe(II) and structural Fe(III).  They also noted the formation of an Fe(III) layer on 
the hematite surface that was capable of reducing nitrobenzene.  At (4.57 ± 0.10) x 10-6 M 
Pu(V), approximately 2.29 x 10-8 moles of electrons would be needed to reduce Pu(V) to 
Pu(IV).  At 0.30 g/L hematite, there is approximately 1.89 x 10-5 moles of total iron.  
Therefore, approximately 0.12% of the iron in hematite would need to be present as Fe(II) 
in order for this to be the mechanism for the surface-mediated reduction of plutonium.  No 
studies were conducted to determine the fraction of Fe(II) in the synthesized hematite 
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because this low percentage of Fe(II) is below the detection limits of both Mössbauer 
spectroscopy and the standard method for determining Fe(II) in solid phases. 
Mechanism 2 is based on the observation of Pu(V) on the hematite surface at higher 
plutonium concentrations.  Reduction of Pu(V) to Pu(IV) is observed on hematite even 
when the concentration of plutonium is high and the fast reduction of Pu(V) by Fe(II) is not 
observed.  We hypothesize that this is due to the Nernstian favorability of the Pu(IV)-
hematite surface complex.  Hixon et al.33 showed that this is the dominant mechanism for the 
surface-mediated reduction of plutonium in the presence of high-purity quartz.  A theoretical 
calculation showed that the redox potential of the Pu(V)/Pu(IV) couple would need to be 
raised by only 0.28 V in order for Pu(IV) surface complexes to be thermodynamically 
favorable. 
The existence of mechanism 2 is corroborated by the similarity of kads and kred at 
higher plutonium concentrations (see Table 22).  Because of this similarity, the first-order 
adsorption rate constants can be substituted for krxn in Equation 52.  A log-log plot of kads 
versus plutonium concentration is shown in Figure 39.  Two distinct lines can be seen 
corresponding to the two types of mechanisms described above.  At plutonium 
concentrations less than 1 x 10-7 to 8 x 10-7 M plutonium, mechanism 1 is the dominant 
mechanism and the plutonium reaction order term is -1.09 ± 0.13.  At plutonium 
concentrations greater than approximately 8 x 10-7 M plutonium, mechanism 2 is the 
dominant mechanism and the reaction order term is -0.90 ± 0.29.  Because the reaction 
order term for the slow, reduction-rate-limiting step was determined from two data points 
and error could not be determined through linear regression, the associated error was 
calculated based on propagation of counting statistics. 
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Figure 39. Dependence of log krxn on log [Pu]T. 
 
The first-order reduction rate constants for plutonium on hematite based on 
integration of Equation 54 are presented in Table 22.  There is a decrease in the first-order 
reduction rate constant with increasing plutonium concentration. This indicates that less 
plutonium is being reduced as the plutonium concentration increases, which is supported by 
the data in Figure 38, where up to 50% of adsorption plutonium is found as Pu(V) at (4.57 ± 
0.10) x 10-6 M plutonium whereas no plutonium is found as Pu(V) at (2.70 ± 0.03) x 10-8 M 
plutonium. 
As stated in the introduction, one of the hypotheses for the surface-mediated 
reduction of plutonium is the disproportionation of Pu(V).  Pu(V) can disproportionate to 
Pu(IV) and Pu(VI) under acidic conditions according to Reaction 55: 
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 2PuO!! + 4H! ⇌ Pu!! + PuO!!! + 2H!O  (55) 
 
Therefore, according to Le Chatelier’s principle, we would expect the disproportionation of 
Pu(V) to be more favorable as the concentration of Pu(V) increases.  Consequently, the rate 
of Pu(V) reduction would increase with increasing Pu(V) concentration.  The values in Table 
22 for the first-order reduction rate constants show that the reduction rate decreases with 
increasing plutonium concentration.   This trend rules out disproportionation of Pu(V) as 
the mechanism for the surface-mediated reduction of plutonium. 
An alternative way of analyzing the data is to examine how kads and kred impact each 
other when they are coupled using the Bateman equations: 
 [Pu V ]!" = [Pu V ]!",!e!!!"#!  (56) Pu IV ! = [Pu V ]!",! 1− !!"#!!"#!!!"# e!!!"#! + !!"#!!"#!!!"# e!!!"#!   (57) [Pu V ]! t = !!"#!!"#!!!"# [Pu V ]!",!(e!!!"#! − e!!!"#!)  (58) 
 
where [Pu(V)]aq is the concentration of Pu(V) in the aqueous phase, [Pu(V)]aq,0 is the initial 
concentration of Pu(V) in the aqueous phase, and [Pu(IV)]s and [Pu(V)]s are the 
concentrations of Pu (IV) and Pu(V), respectively, associated with hematite. 
The model fits in Figure 40 are derived from equations 56-58 for solutions where the 
initial plutonium concentration was 4.57 x 10-6 M and 7.83 x 10-7 M.  These equations 
describe the data reasonably well, although they generally fail to capture the sorbed  
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Figure 40.  Experimental data and model fits describing the aqueous concentration 
of plutonium and the sorbed concentrations of Pu(IV) and Pu(V/VI) as a function of 
time in samples where the initial plutonium concentration was (A) 4.57 x 10-6 M and 
(B) 7.83 x 10-7 M. 
 
plutonium concentrations at the initial equilibration time.  In the ideal case, the Bateman 
equations would yield the true adsorption and reduction rate constants.  While this may be 
the case at high plutonium concentrations, the Bateman equations fail when there is no 
measureable Pu(V) on the mineral surface (Figure 38).  This is because when adsorption is 
the rate-limiting step, the Bateman equations require that the reduction rate be driven too 
high in order to obtain a value for the adsorption rate constant. 
Effect of pH on Pu(V) Reduction by Hematite 
A separate set of experiments was used to examine the pH reaction order, c, at (4.56 ± 0.17) 
x 10-6 M plutonium and 0.30 ± 0.05 g/L (9.30 ± 0.05 m2/L) hematite.  As expected, the 
fraction of sorbed plutonium increased with increasing pH (see Figure 47 in Appendix B).  
Accordingly, the rate of plutonium adsorption to hematite also increased with increasing pH 
(see Figure 48 in Appendix B).  Although Pu(V) remains as the free plutonyl dioxycation 
over the entire pH range studied, the charge of the hematite surface becomes increasingly 
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negative.  This results in a greater electrostatic attraction between the negatively charged 
surface and PuO2
+ with increasing pH. 
The solid-phase oxidation state distribution was also monitored as a function of pH 
at (4.56 ± 0.17) x 10-6 M plutonium.  As shown in Table 23, the fraction of Pu(V) remaining 
on the hematite surface at steady-state decreases with increasing pH.   This indicates that the 
rate of Pu(V) reduction to Pu(IV) on the hematite surface increases with increasing pH.  In 
fact, the first-order reduction rate increases by approximately one order of magnitude from 
0.011 ± 0.006  day-1 at pH 4.12 ± 0.04 to 0.11 ± 0.02 day-1 at pH 5.74 ± 0.17 (Table 23).  
This is different than the data of Powell et al.22, which shows that Pu(IV) was the dominant 
solid-phase plutonium species regardless of pH at 1.5 x 10-8 M plutonium and that 
adsorption was the rate-limiting step.  The data presented here suggests that reduction is the 
rate-limiting step, which, again, indicates that a different mechanism is controlling the 
behavior of plutonium in the presence of hematite at high plutonium concentration than at 
low concentration. 
 
Table 23.  Fraction of Pu(IV) and Pu(V/VI) remaining on the hematite surface as a 
function of pH at steady-state and the associated first-order reduction rate constants. 
The [Pu]T and [ -Fe2O3] were  (4.56 ± 0.17) x 10
-6 M and 0.30 ± 0.05 g/L (9.30 ± 0.05 
m2/L), respectively. 
pH Fraction Pu(IV) Fraction Pu(V/VI) kred (day-1) 
4.12 ± 0.04 0.71 ± 0.12 0.29 ± 0.05 0.011 ± 0.006 
4.89 ± 0.14 0.80 ± 0.05 0.20 ± 0.02 0.027 ± 0.003 
5.74 ± 0.17 0.94 ± 0.02 0.06 ± 0.00 0.11 ± 0.02 
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The reaction order with respect to pH was determined by rewriting equation 51 
 
krxn = -kPu,Fe
' 𝐻! c  (59) 
 
where kPu,Fe
'  = k[Pu]a[ -Fe2O3]
b
.  Since these experiments were conducted at high 
plutonium concentrations and it has already been shown that a slow, reduction-rate-limiting 
step dominates plutonium interactions with hematite at this concentration, a log-log plot of 
kads versus [H+] concentration was used.  As shown in Figure 41, this approach yields a 
straight line with the slope equal to c.  Therefore, the reaction order with respect to pH is -
0.68 ± 0.04.  This is different than the value reported by Powell et al.22, -0.39 ± 0.05 and is a 
further indication that plutonium behavior at high plutonium concentration cannot be 
extrapolated to low plutonium concentrations (and vice versa). 
Effect of Light on Pu(V) Reduction by Hematite 
Hematite is a semiconducting mineral.  Valence electrons are free to move between atoms in 
the conduction band of the crystal.  The band gap of hematite is approximately 2.2 eV73,97,99, 
so exposure to sunlight (3.1 eV) should be sufficient to promote electrons from the valence 
band to the conduction band.  This electron shuttling due to the semiconducting properties 
of the mineral has been proposed as a mechanism for the surface-mediated reduction of 
plutonium11,22 and is supported by an increase in the rate of Pu(V) sorption goethite and 
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Figure 41.  Dependence of log krxn on log [H
+]. [H+] reaction order term, c , calculated 
via equation 5; c  = -0.68 ± 0.04; R2 = 0.997.  Average [Pu]T and [ -Fe2O3] of all five 
systems were (4.56 ± 0.17) x 10-6 M and 0.30 ± 0.05 g/L (9.30 ± 0.05 m2/L), 
respectively.  Each point generated from an average of 4 observations. 
 
hematite with light intensity11,22,28 as well as an increase in the sorption of Pu(V) to marine 
sediments with decreasing wavelength of light irradiation74. 
The effect of light on Pu(V) sorption and reduction was studied in separate 
experiments at (4.59 ± 0.15) x 10-6 M plutonium at pH 5.  The fraction of sorbed plutonium 
increased with increasing equilibration time regardless of whether samples were equilibrated 
in ambient light or in the absence of ambient light (see Figure x in Appendix B).  The linear 
regressions displayed in Figure x describe the first-order adsorption rate constants, which 
differed by approximately one order of magnitude: -0.0302 ± 0.006 day-1 and -0.005 ± 0.009  
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Figure 42.  Determination of the first-order adsorption rate constant for systems 
exposed to ambient light or isolated from ambient light during equilibration.  
Average [Pu]T, [ -Fe2O3], and pH of the systems were (4.59 ± 0.14) x 10
-6 M, 0.30 ± 
0.04 g/L (9.30 ± 0.05 m2/L), and 4.96 ± 0.15. respectively.  Lines represent linear 
regression.  Error bars represent propagation of error from counting statistics. 
 
day-1 under ambient light and dark conditions, respectively.  This indicates that plutonium 
sorption and reduction on hematite may be slower under near-field, subsurface 
environments than what is predicted bench-top, laboratory experiments if the presence of 
light is not carefully controlled. 
 
The data presented above indicates that disproportionation of Pu(V) at the mineral surface is 
not the mechanism for the surface-mediated reduction of plutonium in these systems.  
Electron transfer via ferrous iron is likely responsible for the fast, sorption-rate-limiting step 
observed at low plutonium concentrations, but that is absent at high plutonium 
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concentrations.  The fact the reduction is still observed at high plutonium concentrations 
indicates that there is a second mechanism for the surface-mediated reduction of plutonium 
in these systems, and we hypothesize that this is due to a Nernstian favorability of Pu(IV) 
surface complexes.  However, more work is needed to prove this hypothesis. 
Most importantly, the data presented here show that the mechanism for the behavior of 
plutonium at high concentrations is different than the mechanism at low concentration.  
This represents the distinct difference between near- and far-field environments and strongly 
suggests that experiments carried out under high plutonium concentrations cannot be 
directly extrapolated to the concentration of plutonium observed in groundwaters at US 
Department of Energy sites, which generally range from 10-20 to 10-11 M plutonium1,2,194–197.  
Consequently, an emphasis needs to be placed on developing methods at the low- and ultra-
low limits of detection so that experiments can be carried out at relevant environmental 
concentrations of plutonium. 
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SUMMARY 
As stated in the introduction, the overall objective of this research was to investigate the 
mechanistic and kinetic aspects of the surface-mediated reduction of plutonium.  Specific 
objectives included: 
1. Relating the mechanisms by which plutonium interacts with mineral 
surfaces to mechanisms for the surface-mediated reduction of plutonium; 
2. Identifying the mechanism(s) of surface-mediated reduction of 
plutonium in the presence of high-purity quartz; and  
3. Examining the kinetics of the surface-mediated reduction of plutonium 
in the presence of hematite. 
The first objective was met through a critical review of plutonium sorption to pure mineral 
phases (Chapter 1).  Of the five proposed mechanisms for plutonium sorption, inner-sphere 
complexation was found to be the dominant mechanism across all mineral classes.  In cases 
where plutonium was added as Pu(V) or Pu(VI), Pu(IV) was found to be the dominant solid-
phase oxidation state.  Since Pu(IV) was not measured in the aqueous phases of these 
suspensions, it was concluded that plutonium reduction occurs within the double layer or at 
the mineral surface.  Electron transfer via ferrous iron or Mn(II/III) in the mineral structure 
and reduction based on a Nernstian favorability of Pu(IV) surface complexes appear to be 
the dominant mechanisms for the surface-mediated reduction of plutonium in most systems.  
However, further research is needed to make concrete conclusions regarding these 
mechanisms.  In semiconducting minerals where Fe(II) or Mn(II/III) is also present, it is still 
unclear whether the surface-mediated reduction is due to electron shuttling of valence 
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electrons or electron transfer from ferrous iron and manganese.  Furthermore, the 
hypothesis that reduction is based on a Nernstian favorability of Pu(IV) surface complexes is 
only supported by a theoretical calculation showing that the redox potential of the 
Pu(V)/Pu(IV) couple would need to be raised by only 0.28 V in order for Pu(IV) surface 
complexes to be thermodynamically favorable (Chapter 2).  The main conclusion of the 
review in Chapter 1 was that advanced spectroscopy, microscopy, and molecular modeling 
are needed to fully understand not only the surface structure of pure mineral phases, but also 
the coordination and bonding environment of plutonium surface complexes. 
The second objective was met using dual plutonium isotopes, 238Pu and 242Pu, to study 
the effect of total alpha radioactivity on plutonium sorption to high-purity quartz.  The high-
purity quartz used in this study was not a semiconductor and trace metals such as iron or 
manganese, which can facilitate electron shuttling and electron transfer mechanisms, were 
below detection limits.  Therefore, reduction of plutonium was limited to radiolysis, Pu(V) 
disproportionation, or a thermodynamic favorability of sorbed Pu(IV) hydrolysis products.  
Increasing the total alpha radioactivity of the solution had a negligible effect on the 
plutonium sorption rate, which indicated that surface-mediated reduction of Pu(V) in this 
system was not due to alpha radiolysis.  Furthermore, literature values for the rate of Pu(V) 
disproportionation as a function of pH did not match the trend observed in this data, which 
lead to the conclusion that disproportionation was not the main mechanism for the surface-
mediated reduction of Pu(V).  Finally, as mentioned above, a theoretical calculation was used 
to show that the redox potential of the Pu(V)/Pu(IV) couple would need to be raised by 
only 0.28 V in order for Pu(IV) surface complexes to be thermodynamically favorable. 
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The third and final objective was met through a kinetic evaluation of Pu(V) adsorption 
and reduction on hematite as a function of plutonium concentration.  The results of this 
study demonstrated that the rate of Pu(V) sorption and reduction in the presence of 
hematite decreases with increasing plutonium concentration and, more importantly, that the 
mechanism for the behavior of plutonium at high concentrations is different than the 
mechanism at low concentrations.  Electron transfer via ferrous iron is likely responsible for 
the fast, sorption-rate-limiting step observed at low plutonium concentrations.  However, 
the fact that reduction is still observed at high plutonium concentrations indicates that there 
is a second mechanism for the surface-mediated reduction of plutonium in these systems, 
which was hypothesized to be due to a Nernstian favorability of Pu(IV) surface complexes.  
Furthermore, the data provide strong evidence that disproportionation of Pu(V) was not the 
main mechanism for the surface-mediated reduction of plutonium.  Overall, the data 
strongly suggests that the results and conclusions of experiments conducted at high 
plutonium concentrations (i.e., micro- or milli-molar) should not be extrapolated to 
environmental concentrations of plutonium. 
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FUTURE WORK 
The results of this dissertation work show that more research is needed in the area of 
mineral-water interface chemistry, particularly with regards to understanding the mechanisms 
responsible for the surface-mediated reduction of plutonium.  Most importantly, reduction 
based on a Nernstian favorability of Pu(IV) surface complexes was invoked more than once 
to explain the reduction of aqueous Pu(V) to sorbed Pu(IV) when all other mechanisms for 
the surface-mediated reduction of plutonium had been eliminated.  Currently, this 
hypothesis is supported by a simple theoretical calculation only.  Therefore, an experimental 
method, potentially utilizing calorimetry or electrochemistry, needs to be developed to 
further investigate this mechanism.  In order to further enhance our understanding of 
plutonium sorption and reduction mechanisms, it would be valuable to use XAS and FTIR 
to observe the changes that occur in the bonding environment of plutonium as a function of 
time. 
In environmental systems, one must also consider other phenomena, such as 
precipitation and dissolution of plutonium solid phases, the influence of organic ligands and 
natural organic matter, and the influence of microorganisms.  Organic ligands, natural 
organic matter, and microorganisms have the potential to stabilize plutonium in the aqueous 
phase, therefore decreasing plutonium sorption to solid phases and increasing plutonium 
subsurface mobility.  Furthermore, preferential pathways for plutonium transport are created 
if and when plutonium is associated with mineral colloids or self-assemble into actinide 
colloids.  Recently, Powell et al. [1] showed that plutonium nano-colloids undergo epitaxial 
distortion when associated with goethite.  These distorted nano-colloids are more strongly 
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bound to goethite than other minerals where distortion is not observed.  These results have 
important implications for plutonium subsurface mobility, but are not included in current 
surface complexation models.  Similar morphological changes may occur when plutonium or 
actinide nanoclusters interact with mineral surfaces.  These nanoclusters are expected to 
form under extreme near-field environments, and are especially important to study given the 
finding that the mechanisms for plutonium sorption and reduction vary with plutonium 
concentration. 
Mechanistic approaches to surface-complexation modeling can differentiate between 
interaction mechanisms and predict plutonium sorption as a function of solution chemistry.  
Thus, mechanistic approaches provide a structured and consistent method of examining 
experimental data.  When they are coupled with spectroscopic data describing the bonding 
environment of plutonium associated with a solid phase, such as XAS, the resulting surface-
complexation model is based on both micro- and macro-scale observations.  However, until 
experimental methods are developed allowing advanced spectroscopic techniques to be 
performed at environmentally relevant plutonium concentrations, we must exercise caution 
when using these techniques to constrain surface-complexation models describing batch 
sorption data.  Models that have already been developed describing plutonium sorption to 
several pure mineral phases can and should be combined using a component additivity 
approach to predict plutonium sorption to whole sediments.  Few examples of this exist in 
the literature and such combined mechanistic models are needed to support performance 
assessments at US DOE facilities.  The long-term goal of future research should be to create 
a database for geochemical models that are applicable across a wide range of plutonium 
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concentrations so that plutonium transport can be predicted in both near- and far-field 
environments. 
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APPENDIX A:  
SUPPORTING INFORMATION FOR CHAPTER TWO 
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Table 24. Typcial contaminant concentration in IOTA-8 quartz, as specified by 
Unimin Corporation. 
Element Concentration (ppm) 
Al 7.0 
B < 0.04 
Ca 0.5 
Cr < 0.003 
Cu 0.002 
Fe < 0.03 
K < 0.04 
Li < 0.02 
Mg < 0.02 
Mn < 0.02 
Na 0.03 
Ni < 0.02 
P 0.05 
Ti 1.2 
Zr < 0.10 
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Figure 43. Sorption of 238Pu to quartz as a function of time and total alpha 
radioactivity at pH 5 (top) and pH 7 (bottom).  Experimental conditions: [SiO2] = 10 
g/L; 0.01 M NaCl; 238Pu initially added as Pu(V).  The values represent the average 
of duplicate samples.  Error bars represent the error propagated from counting 
statistics. 
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Figure 44.  TEM, EDS, and high-resolution TEM imaging of plutonium colloids 
associated with quartz.  The top photographs show images of a quartz particle in 
SEM and z-contrast mode.  The white box in the z-contrast mode photograph is the 
portion where EDS was performed.  The inset shows the presence of plutonium.  
The EDS spectrum is shown in the lower left. There is a peak at 14.276 keV for the L  
x-ray of plutonium.  The photograph on the lower right is imaging of the plutonium 
colloids performed using high-resolution TEM. 
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Figure 45.  Pseudo first-order plot of 242Pu(V) sorption to quartz as a function of 
total alpha activity at pH 5 (top) and pH 7 (bottom). 
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XANES Reference Spectra 
The raw data for normalized Pu(IV), Pu(V), and Pu(VI) reference spectra were obtained 
from H. Nitsche and D.L. Wang at the University of California - Berkeley.  Energy 
calibration for these standards was performed with respect to PuO2 at 50K, as described in 
Hu et al.162.  These reference spectra were not able to fit the data describing Pu(V/VI) 
sorption to quartz.  Further examination of these reference spectra showed that a 1 eV shift 
was required to put them into alignment with the reference spectra published by Conradson 
et al.37.  The reason for this 1 eV shift is unknown, but may be due to the fact that the energy 
calibration was performed at 50K as opposed to 77K.  For consistency, these shifted spectra 
were used in the least squares fitting of the Pu-quartz data. 
Furthermore, a pure Pu(III) aqueous reference standard was prepared via electrolytic 
reduction of Pu(IV).  The purity of the stock was confirmed using UV-Vis spectroscopy.  
Energy calibration of this aqueous reference standard was performed at the zirconium K-
edge (17,998 eV) using a Zr reference foil.  The normalized XANES spectrum for this 
Pu(III) reference agreed with the data of Conradson et al. 37, further supporting the need to 
shift the Pu(IV), Pu(V), and Pu(VI) reference spectra. 
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APPENDIX B:  
SUPPORTING INFORMATION FOR CHAPTER THREE 
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Table 25. Isotopic Distribution (in At. %) of plutonium CRM 130.  All values are as of 
January 1, 1987. 
Plutonium Isotope At. % 
238Pu 0.00419 ± 0.00026 
239Pu 0.00478 ± 0.00012 
240Pu 0.01974 ± 0.00038 
241Pu 0.02366 ± 0.00034 
242Pu 99.94623 ± 0.00065 
244Pu 0.00040 ± 0.00010 
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Figure 46.  Transmission electron microscopy (TEM) imaging and energy dispersive 
X-ray (EDX) mapping of hematite particles when plutonium was added as (4.71 ± 
0.10) x 10-6 M Pu(V). (A) TEM image in scanning electron (SE) mode. (B) TEM 
image in Z-contrast (ZC) mode. (C) EDX map of iron. (D) EDX map of oxygen. (E) 
EDX map of plutonium. 
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Figure 47. Adsorption of plutonium hematite as a function of time and pH.  Error 
bars are within the data points and represent propagation of error based on counting 
statistics. 
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Figure 48.  Determination of the first-order adsorption rate constant as a function of 
pH.  The lines represent linear regression.  Error bars are within the data points and 
represent propagation of error based on counting statistics. 
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Figure 49.  Oxidation state distribution of sorbed plutonium as a function of time at 
(A) pH 4.12 ± 0.04, (B) pH 4.89 ± 0.14, and (C) 5.74 ± 0.17.  Diamonds represent the 
fraction of Pu(IV); squares represent the fraction of Pu(V/VI).  Average [Pu]T and 
[ -Fe2O3] of all three systems were (4.56 ± 0.17) x 10
-6 M and 0.30 ± 0.05 g/L (9.30 ± 
0.05 m2/L), respectively.  Error bars represent propagation of error based on 
counting statistics. 
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Figure 50.  Adsorption of plutonium to hematite as a function of time for systems 
exposed to ambient light (blue diamonds) or isolated from ambient light (red 
squares) during equilibration.  Average [Pu]T, [ -Fe2O3] and pH of the systems were 
(4.59 ± 0.14) x 10-6 M, 0.30 ± 0.04 g/L (9.30 ±0.05 m2/L), and 4.96 ± 0.15, respectively.  
Error bars represent propagation of error from counting statistics. 
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APPENDIX C: 
RAW DATA FOR FIGURES 
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Figure 33 
Pu(V) data: 
Time pH Activity (Bq/L) Fraction Sorbed Error 
3 days 5 1500 0.12 0.02 
1 week 5 1500 0.24 0.04 
1 month 5 1500 0.27 0.00 
3 months 5 1500 0.53 0.01 
6 months 5 1500 0.73 0.01 
1 year 5 1500 0.94 0.01 
3 days 5 19000 0.19 0.03 
1 week 5 19000 0.20 0.09 
1 month 5 19000 0.22 0.08 
3 months 5 19000 0.48 0.07 
6 months 5 19000 0.65 0.17 
1 year 5 19000 0.94 0.07 
1.75 years 5 19000 0.96 0.01 
3 days 5 36000 0.20 0.00 
1 week 5 36000 0.24 0.00 
1 month 5 36000 0.31 0.01 
3 months 5 36000 0.42 0.03 
6 months 5 36000 0.48 0.03 
1 year 5 36000 0.91 0.05 
1.75 years 5 36000 0.95 0.01 
3 days 7 1500 0.15 0.01 
1 week 7 1500 0.30 0.05 
1 month 7 1500 0.53 0.17 
3 months 7 1500 0.81 0.04 
6 months 7 1500 0.92 0.00 
1 year 7 1500 1.00 0.01 
3 days 7 19000 0.44 0.22 
1 week 7 19000 0.65 0.23 
1 month 7 19000 0.87 0.12 
3 months 7 19000 0.99 0.00 
6 months 7 19000 0.99 0.00 
1 year 7 19000 1.01 0.00 
1.75 years 7 19000 0.97 0.00 
3 days 7 36000 0.34 0.03 
1 week 7 36000 0.55 0.01 
1 month 7 36000 0.83 0.08 
3 months 7 36000 0.98 0.02 
6 months 7 36000 1.00 0.00 
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1 year 7 36000 1.01 0.00 
1.75 years  36000 0.94 0.04 
 
Pu(IV) data: 
Time pH Fraction sorbed Error 
1 week 5 0.85 0.03 
6 months 5 0.95 0.01 
1week 7 0.96 0.01 
6 months 7 1.00 0.00 
 
Figure 34 
Energy (ev) 
Normalized Absorbance 
Data Pu(IV) Pu(V) Fit 
17897 1.49E-04 -6.52E-05 1.14E-05 -5.38E-05 
17897.05 1.49E-04 -6.53E-05 1.16E-05 -5.37E-05 
17897.1 1.49E-04 -6.54E-05 1.18E-05 -5.36E-05 
17897.15 1.49E-04 -6.54E-05 1.20E-05 -5.34E-05 
17897.2 1.48E-04 -6.55E-05 1.22E-05 -5.33E-05 
17897.25 1.48E-04 -6.56E-05 1.25E-05 -5.31E-05 
17897.3 1.48E-04 -6.56E-05 1.27E-05 -5.30E-05 
17897.35 1.47E-04 -6.57E-05 1.29E-05 -5.28E-05 
17897.4 1.47E-04 -6.58E-05 1.31E-05 -5.27E-05 
17897.45 1.46E-04 -6.58E-05 1.33E-05 -5.26E-05 
17897.5 1.46E-04 -6.59E-05 1.35E-05 -5.24E-05 
17897.55 1.45E-04 -6.59E-05 1.37E-05 -5.23E-05 
17897.6 1.45E-04 -6.60E-05 1.39E-05 -5.21E-05 
17897.65 1.44E-04 -6.60E-05 1.41E-05 -5.20E-05 
17897.7 1.44E-04 -6.61E-05 1.42E-05 -5.18E-05 
17897.75 1.43E-04 -6.61E-05 1.44E-05 -5.17E-05 
17897.8 1.42E-04 -6.62E-05 1.46E-05 -5.16E-05 
17897.85 1.42E-04 -6.62E-05 1.48E-05 -5.14E-05 
17897.9 1.41E-04 -6.63E-05 1.50E-05 -5.13E-05 
17897.95 1.40E-04 -6.63E-05 1.52E-05 -5.12E-05 
17898 1.40E-04 -6.63E-05 1.53E-05 -5.10E-05 
17898.05 1.39E-04 -6.64E-05 1.55E-05 -5.09E-05 
17898.1 1.38E-04 -6.64E-05 1.57E-05 -5.08E-05 
17898.15 1.37E-04 -6.64E-05 1.58E-05 -5.06E-05 
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17898.2 1.37E-04 -6.65E-05 1.60E-05 -5.05E-05 
17898.25 1.36E-04 -6.65E-05 1.61E-05 -5.04E-05 
17898.3 1.35E-04 -6.65E-05 1.63E-05 -5.02E-05 
17898.35 1.34E-04 -6.65E-05 1.64E-05 -5.01E-05 
17898.4 1.33E-04 -6.66E-05 1.66E-05 -5.00E-05 
17898.45 1.32E-04 -6.66E-05 1.67E-05 -4.98E-05 
17898.5 1.31E-04 -6.66E-05 1.69E-05 -4.97E-05 
17898.55 1.30E-04 -6.66E-05 1.70E-05 -4.96E-05 
17898.6 1.29E-04 -6.66E-05 1.72E-05 -4.94E-05 
17898.65 1.28E-04 -6.66E-05 1.73E-05 -4.93E-05 
17898.7 1.27E-04 -6.66E-05 1.74E-05 -4.92E-05 
17898.75 1.26E-04 -6.66E-05 1.76E-05 -4.91E-05 
17898.8 1.25E-04 -6.66E-05 1.77E-05 -4.89E-05 
17898.85 1.23E-04 -6.66E-05 1.78E-05 -4.88E-05 
17898.9 1.22E-04 -6.66E-05 1.79E-05 -4.87E-05 
17898.95 1.21E-04 -6.66E-05 1.80E-05 -4.86E-05 
17899 1.20E-04 -6.66E-05 1.82E-05 -4.84E-05 
17899.05 1.18E-04 -6.66E-05 1.83E-05 -4.83E-05 
17899.1 1.17E-04 -6.66E-05 1.84E-05 -4.82E-05 
17899.15 1.16E-04 -6.65E-05 1.85E-05 -4.81E-05 
17899.2 1.14E-04 -6.65E-05 1.86E-05 -4.79E-05 
17899.25 1.13E-04 -6.65E-05 1.87E-05 -4.78E-05 
17899.3 1.11E-04 -6.65E-05 1.88E-05 -4.77E-05 
17899.35 1.10E-04 -6.65E-05 1.89E-05 -4.76E-05 
17899.4 1.08E-04 -6.64E-05 1.90E-05 -4.75E-05 
17899.45 1.07E-04 -6.64E-05 1.91E-05 -4.73E-05 
17899.5 1.05E-04 -6.64E-05 1.91E-05 -4.72E-05 
17899.55 1.04E-04 -6.63E-05 1.92E-05 -4.71E-05 
17899.6 1.02E-04 -6.63E-05 1.93E-05 -4.70E-05 
17899.65 1.00E-04 -6.63E-05 1.94E-05 -4.69E-05 
17899.7 9.86E-05 -6.62E-05 1.95E-05 -4.67E-05 
17899.75 9.68E-05 -6.62E-05 1.95E-05 -4.66E-05 
17899.8 9.51E-05 -6.61E-05 1.96E-05 -4.65E-05 
17899.85 9.33E-05 -6.61E-05 1.97E-05 -4.64E-05 
17899.9 9.15E-05 -6.60E-05 1.98E-05 -4.63E-05 
17899.95 8.96E-05 -6.60E-05 1.98E-05 -4.62E-05 
17900 8.77E-05 -6.59E-05 1.99E-05 -4.60E-05 
17900.05 8.58E-05 -6.59E-05 1.99E-05 -4.59E-05 
17900.1 8.38E-05 -6.58E-05 2.00E-05 -4.58E-05 
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17900.15 8.18E-05 -6.58E-05 2.01E-05 -4.57E-05 
17900.2 7.98E-05 -6.57E-05 2.01E-05 -4.56E-05 
17900.25 7.78E-05 -6.56E-05 2.02E-05 -4.55E-05 
17900.3 7.57E-05 -6.56E-05 2.02E-05 -4.54E-05 
17900.35 7.36E-05 -6.55E-05 2.03E-05 -4.52E-05 
17900.4 7.14E-05 -6.54E-05 2.03E-05 -4.51E-05 
17900.45 6.92E-05 -6.54E-05 2.03E-05 -4.50E-05 
17900.5 6.70E-05 -6.53E-05 2.04E-05 -4.49E-05 
17900.55 6.48E-05 -6.52E-05 2.04E-05 -4.48E-05 
17900.6 6.25E-05 -6.51E-05 2.04E-05 -4.47E-05 
17900.65 6.02E-05 -6.50E-05 2.05E-05 -4.46E-05 
17900.7 5.78E-05 -6.50E-05 2.05E-05 -4.45E-05 
17900.75 5.54E-05 -6.49E-05 2.05E-05 -4.43E-05 
17900.8 5.30E-05 -6.48E-05 2.06E-05 -4.42E-05 
17900.85 5.06E-05 -6.47E-05 2.06E-05 -4.41E-05 
17900.9 4.81E-05 -6.46E-05 2.06E-05 -4.40E-05 
17900.95 4.56E-05 -6.45E-05 2.06E-05 -4.39E-05 
17901 4.31E-05 -6.44E-05 2.06E-05 -4.38E-05 
17901.05 4.06E-05 -6.43E-05 2.06E-05 -4.37E-05 
17901.1 3.80E-05 -6.42E-05 2.07E-05 -4.36E-05 
17901.15 3.54E-05 -6.41E-05 2.07E-05 -4.34E-05 
17901.2 3.28E-05 -6.40E-05 2.07E-05 -4.33E-05 
17901.25 3.02E-05 -6.39E-05 2.07E-05 -4.32E-05 
17901.3 2.75E-05 -6.38E-05 2.07E-05 -4.31E-05 
17901.35 2.48E-05 -6.37E-05 2.07E-05 -4.30E-05 
17901.4 2.21E-05 -6.36E-05 2.07E-05 -4.29E-05 
17901.45 1.94E-05 -6.35E-05 2.07E-05 -4.28E-05 
17901.5 1.67E-05 -6.33E-05 2.07E-05 -4.27E-05 
17901.55 1.39E-05 -6.32E-05 2.07E-05 -4.26E-05 
17901.6 1.11E-05 -6.31E-05 2.07E-05 -4.25E-05 
17901.65 8.33E-06 -6.30E-05 2.06E-05 -4.23E-05 
17901.7 5.51E-06 -6.29E-05 2.06E-05 -4.22E-05 
17901.75 2.68E-06 -6.27E-05 2.06E-05 -4.21E-05 
17901.8 -1.73E-07 -6.26E-05 2.06E-05 -4.20E-05 
17901.85 -3.04E-06 -6.25E-05 2.06E-05 -4.19E-05 
17901.9 -5.92E-06 -6.23E-05 2.05E-05 -4.18E-05 
17901.95 -8.82E-06 -6.22E-05 2.05E-05 -4.17E-05 
17902 -1.17E-05 -6.21E-05 2.05E-05 -4.16E-05 
17902.05 -1.47E-05 -6.19E-05 2.05E-05 -4.15E-05 
 187 
17902.1 -1.76E-05 -6.18E-05 2.04E-05 -4.14E-05 
17902.15 -2.05E-05 -6.17E-05 2.04E-05 -4.12E-05 
17902.2 -2.35E-05 -6.15E-05 2.04E-05 -4.11E-05 
17902.25 -2.65E-05 -6.14E-05 2.03E-05 -4.10E-05 
17902.3 -2.94E-05 -6.12E-05 2.03E-05 -4.09E-05 
17902.35 -3.24E-05 -6.11E-05 2.03E-05 -4.08E-05 
17902.4 -3.54E-05 -6.09E-05 2.02E-05 -4.07E-05 
17902.45 -3.84E-05 -6.08E-05 2.02E-05 -4.06E-05 
17902.5 -4.14E-05 -6.06E-05 2.01E-05 -4.05E-05 
17902.55 -4.45E-05 -6.05E-05 2.01E-05 -4.04E-05 
17902.6 -4.75E-05 -6.03E-05 2.00E-05 -4.02E-05 
17902.65 -5.05E-05 -6.01E-05 2.00E-05 -4.01E-05 
17902.7 -5.36E-05 -6.00E-05 1.99E-05 -4.00E-05 
17902.75 -5.66E-05 -5.98E-05 1.99E-05 -3.99E-05 
17902.8 -5.96E-05 -5.96E-05 1.98E-05 -3.98E-05 
17902.85 -6.27E-05 -5.95E-05 1.98E-05 -3.97E-05 
17902.9 -6.57E-05 -5.93E-05 1.97E-05 -3.96E-05 
17902.95 -6.88E-05 -5.91E-05 1.97E-05 -3.95E-05 
17903 -7.18E-05 -5.89E-05 1.96E-05 -3.93E-05 
17903.05 -7.49E-05 -5.88E-05 1.95E-05 -3.92E-05 
17903.1 -7.79E-05 -5.86E-05 1.95E-05 -3.91E-05 
17903.15 -8.10E-05 -5.84E-05 1.94E-05 -3.90E-05 
17903.2 -8.40E-05 -5.82E-05 1.93E-05 -3.89E-05 
17903.25 -8.71E-05 -5.80E-05 1.93E-05 -3.88E-05 
17903.3 -9.01E-05 -5.79E-05 1.92E-05 -3.87E-05 
17903.35 -9.32E-05 -5.77E-05 1.91E-05 -3.86E-05 
17903.4 -9.62E-05 -5.75E-05 1.90E-05 -3.84E-05 
17903.45 -9.92E-05 -5.73E-05 1.90E-05 -3.83E-05 
17903.5 -1.02E-04 -5.71E-05 1.89E-05 -3.82E-05 
17903.55 -1.05E-04 -5.69E-05 1.88E-05 -3.81E-05 
17903.6 -1.08E-04 -5.67E-05 1.87E-05 -3.80E-05 
17903.65 -1.11E-04 -5.65E-05 1.87E-05 -3.79E-05 
17903.7 -1.14E-04 -5.63E-05 1.86E-05 -3.77E-05 
17903.75 -1.17E-04 -5.61E-05 1.85E-05 -3.76E-05 
17903.8 -1.20E-04 -5.59E-05 1.84E-05 -3.75E-05 
17903.85 -1.23E-04 -5.57E-05 1.83E-05 -3.74E-05 
17903.9 -1.26E-04 -5.55E-05 1.82E-05 -3.73E-05 
17903.95 -1.29E-04 -5.53E-05 1.81E-05 -3.71E-05 
17904 -1.32E-04 -5.51E-05 1.80E-05 -3.70E-05 
 188 
17904.05 -1.35E-04 -5.49E-05 1.79E-05 -3.69E-05 
17904.1 -1.38E-04 -5.46E-05 1.79E-05 -3.68E-05 
17904.15 -1.41E-04 -5.44E-05 1.78E-05 -3.67E-05 
17904.2 -1.44E-04 -5.42E-05 1.77E-05 -3.65E-05 
17904.25 -1.47E-04 -5.40E-05 1.76E-05 -3.64E-05 
17904.3 -1.49E-04 -5.38E-05 1.75E-05 -3.63E-05 
17904.35 -1.52E-04 -5.35E-05 1.74E-05 -3.62E-05 
17904.4 -1.55E-04 -5.33E-05 1.73E-05 -3.61E-05 
17904.45 -1.58E-04 -5.31E-05 1.72E-05 -3.59E-05 
17904.5 -1.61E-04 -5.29E-05 1.70E-05 -3.58E-05 
17904.55 -1.63E-04 -5.26E-05 1.69E-05 -3.57E-05 
17904.6 -1.66E-04 -5.24E-05 1.68E-05 -3.56E-05 
17904.65 -1.69E-04 -5.22E-05 1.67E-05 -3.54E-05 
17904.7 -1.72E-04 -5.19E-05 1.66E-05 -3.53E-05 
17904.75 -1.74E-04 -5.17E-05 1.65E-05 -3.52E-05 
17904.8 -1.77E-04 -5.14E-05 1.64E-05 -3.51E-05 
17904.85 -1.80E-04 -5.12E-05 1.63E-05 -3.49E-05 
17904.9 -1.82E-04 -5.10E-05 1.62E-05 -3.48E-05 
17904.95 -1.85E-04 -5.07E-05 1.61E-05 -3.47E-05 
17905 -1.87E-04 -5.05E-05 1.59E-05 -3.45E-05 
17905.05 -1.90E-04 -5.02E-05 1.58E-05 -3.44E-05 
17905.1 -1.92E-04 -5.00E-05 1.57E-05 -3.43E-05 
17905.15 -1.95E-04 -4.97E-05 1.56E-05 -3.41E-05 
17905.2 -1.97E-04 -4.95E-05 1.55E-05 -3.40E-05 
17905.25 -2.00E-04 -4.92E-05 1.53E-05 -3.39E-05 
17905.3 -2.02E-04 -4.90E-05 1.52E-05 -3.37E-05 
17905.35 -2.05E-04 -4.87E-05 1.51E-05 -3.36E-05 
17905.4 -2.07E-04 -4.84E-05 1.50E-05 -3.35E-05 
17905.45 -2.09E-04 -4.82E-05 1.48E-05 -3.33E-05 
17905.5 -2.12E-04 -4.79E-05 1.47E-05 -3.32E-05 
17905.55 -2.14E-04 -4.76E-05 1.46E-05 -3.31E-05 
17905.6 -2.16E-04 -4.74E-05 1.45E-05 -3.29E-05 
17905.65 -2.18E-04 -4.71E-05 1.43E-05 -3.28E-05 
17905.7 -2.20E-04 -4.68E-05 1.42E-05 -3.27E-05 
17905.75 -2.23E-04 -4.66E-05 1.41E-05 -3.25E-05 
17905.8 -2.25E-04 -4.63E-05 1.39E-05 -3.24E-05 
17905.85 -2.27E-04 -4.60E-05 1.38E-05 -3.22E-05 
17905.9 -2.29E-04 -4.57E-05 1.37E-05 -3.21E-05 
17905.95 -2.31E-04 -4.55E-05 1.35E-05 -3.19E-05 
 189 
17906 -2.33E-04 -4.52E-05 1.34E-05 -3.18E-05 
17906.05 -2.34E-04 -4.49E-05 1.33E-05 -3.17E-05 
17906.1 -2.36E-04 -4.46E-05 1.31E-05 -3.15E-05 
17906.15 -2.38E-04 -4.43E-05 1.30E-05 -3.14E-05 
17906.2 -2.40E-04 -4.41E-05 1.28E-05 -3.12E-05 
17906.25 -2.42E-04 -4.38E-05 1.27E-05 -3.11E-05 
17906.3 -2.43E-04 -4.35E-05 1.26E-05 -3.09E-05 
17906.35 -2.45E-04 -4.32E-05 1.24E-05 -3.08E-05 
17906.4 -2.47E-04 -4.29E-05 1.23E-05 -3.06E-05 
17906.45 -2.48E-04 -4.26E-05 1.21E-05 -3.05E-05 
17906.5 -2.50E-04 -4.23E-05 1.20E-05 -3.03E-05 
17906.55 -2.51E-04 -4.20E-05 1.18E-05 -3.02E-05 
17906.6 -2.53E-04 -4.17E-05 1.17E-05 -3.00E-05 
17906.65 -2.54E-04 -4.14E-05 1.15E-05 -2.99E-05 
17906.7 -2.55E-04 -4.11E-05 1.14E-05 -2.97E-05 
17906.75 -2.57E-04 -4.08E-05 1.13E-05 -2.95E-05 
17906.8 -2.58E-04 -4.05E-05 1.11E-05 -2.94E-05 
17906.85 -2.59E-04 -4.02E-05 1.10E-05 -2.92E-05 
17906.9 -2.60E-04 -3.99E-05 1.08E-05 -2.91E-05 
17906.95 -2.62E-04 -3.96E-05 1.07E-05 -2.89E-05 
17907 -2.63E-04 -3.93E-05 1.05E-05 -2.87E-05 
17907.05 -2.64E-04 -3.89E-05 1.04E-05 -2.86E-05 
17907.1 -2.65E-04 -3.86E-05 1.02E-05 -2.84E-05 
17907.15 -2.65E-04 -3.83E-05 1.01E-05 -2.83E-05 
17907.2 -2.66E-04 -3.80E-05 9.91E-06 -2.81E-05 
17907.25 -2.67E-04 -3.77E-05 9.75E-06 -2.79E-05 
17907.3 -2.68E-04 -3.74E-05 9.60E-06 -2.78E-05 
17907.35 -2.69E-04 -3.70E-05 9.45E-06 -2.76E-05 
17907.4 -2.69E-04 -3.67E-05 9.29E-06 -2.74E-05 
17907.45 -2.70E-04 -3.64E-05 9.14E-06 -2.73E-05 
17907.5 -2.70E-04 -3.61E-05 8.98E-06 -2.71E-05 
17907.55 -2.71E-04 -3.57E-05 8.83E-06 -2.69E-05 
17907.6 -2.71E-04 -3.54E-05 8.67E-06 -2.67E-05 
17907.65 -2.72E-04 -3.51E-05 8.52E-06 -2.66E-05 
17907.7 -2.72E-04 -3.47E-05 8.36E-06 -2.64E-05 
17907.75 -2.72E-04 -3.44E-05 8.20E-06 -2.62E-05 
17907.8 -2.72E-04 -3.41E-05 8.05E-06 -2.60E-05 
17907.85 -2.72E-04 -3.37E-05 7.89E-06 -2.58E-05 
17907.9 -2.72E-04 -3.34E-05 7.73E-06 -2.57E-05 
 190 
17907.95 -2.72E-04 -3.31E-05 7.57E-06 -2.55E-05 
17908 -2.72E-04 -3.27E-05 7.41E-06 -2.53E-05 
17908.05 -2.72E-04 -3.24E-05 7.26E-06 -2.51E-05 
17908.1 -2.72E-04 -3.20E-05 7.10E-06 -2.49E-05 
17908.15 -2.72E-04 -3.17E-05 6.94E-06 -2.48E-05 
17908.2 -2.71E-04 -3.13E-05 6.78E-06 -2.46E-05 
17908.25 -2.71E-04 -3.10E-05 6.62E-06 -2.44E-05 
17908.3 -2.71E-04 -3.06E-05 6.46E-06 -2.42E-05 
17908.35 -2.70E-04 -3.03E-05 6.30E-06 -2.40E-05 
17908.4 -2.70E-04 -2.99E-05 6.14E-06 -2.38E-05 
17908.45 -2.69E-04 -2.96E-05 5.98E-06 -2.36E-05 
17908.5 -2.68E-04 -2.92E-05 5.82E-06 -2.34E-05 
17908.55 -2.68E-04 -2.89E-05 5.66E-06 -2.32E-05 
17908.6 -2.67E-04 -2.85E-05 5.50E-06 -2.30E-05 
17908.65 -2.66E-04 -2.82E-05 5.34E-06 -2.28E-05 
17908.7 -2.65E-04 -2.78E-05 5.18E-06 -2.26E-05 
17908.75 -2.64E-04 -2.74E-05 5.01E-06 -2.24E-05 
17908.8 -2.63E-04 -2.71E-05 4.85E-06 -2.22E-05 
17908.85 -2.62E-04 -2.67E-05 4.69E-06 -2.20E-05 
17908.9 -2.61E-04 -2.63E-05 4.53E-06 -2.18E-05 
17908.95 -2.60E-04 -2.60E-05 4.37E-06 -2.16E-05 
17909 -2.59E-04 -2.56E-05 4.21E-06 -2.14E-05 
17909.05 -2.58E-04 -2.52E-05 4.05E-06 -2.12E-05 
17909.1 -2.57E-04 -2.49E-05 3.89E-06 -2.10E-05 
17909.15 -2.55E-04 -2.45E-05 3.73E-06 -2.08E-05 
17909.2 -2.54E-04 -2.41E-05 3.56E-06 -2.06E-05 
17909.25 -2.53E-04 -2.38E-05 3.40E-06 -2.04E-05 
17909.3 -2.51E-04 -2.34E-05 3.24E-06 -2.01E-05 
17909.35 -2.50E-04 -2.30E-05 3.08E-06 -1.99E-05 
17909.4 -2.48E-04 -2.26E-05 2.92E-06 -1.97E-05 
17909.45 -2.47E-04 -2.23E-05 2.76E-06 -1.95E-05 
17909.5 -2.45E-04 -2.19E-05 2.60E-06 -1.93E-05 
17909.55 -2.43E-04 -2.15E-05 2.44E-06 -1.91E-05 
17909.6 -2.42E-04 -2.11E-05 2.28E-06 -1.88E-05 
17909.65 -2.40E-04 -2.07E-05 2.12E-06 -1.86E-05 
17909.7 -2.38E-04 -2.04E-05 1.96E-06 -1.84E-05 
17909.75 -2.36E-04 -2.00E-05 1.80E-06 -1.82E-05 
17909.8 -2.34E-04 -1.96E-05 1.64E-06 -1.79E-05 
17909.85 -2.33E-04 -1.92E-05 1.48E-06 -1.77E-05 
 191 
17909.9 -2.31E-04 -1.88E-05 1.32E-06 -1.75E-05 
17909.95 -2.29E-04 -1.84E-05 1.17E-06 -1.73E-05 
17910 -2.27E-04 -1.80E-05 1.01E-06 -1.70E-05 
17910.05 -2.25E-04 -1.76E-05 8.51E-07 -1.68E-05 
17910.1 -2.23E-04 -1.73E-05 6.93E-07 -1.66E-05 
17910.15 -2.21E-04 -1.69E-05 5.36E-07 -1.63E-05 
17910.2 -2.18E-04 -1.65E-05 3.79E-07 -1.61E-05 
17910.25 -2.16E-04 -1.61E-05 2.23E-07 -1.59E-05 
17910.3 -2.14E-04 -1.57E-05 6.69E-08 -1.56E-05 
17910.35 -2.12E-04 -1.53E-05 -8.87E-08 -1.54E-05 
17910.4 -2.10E-04 -1.49E-05 -2.44E-07 -1.51E-05 
17910.45 -2.07E-04 -1.45E-05 -3.99E-07 -1.49E-05 
17910.5 -2.05E-04 -1.41E-05 -5.53E-07 -1.47E-05 
17910.55 -2.03E-04 -1.37E-05 -7.07E-07 -1.44E-05 
17910.6 -2.00E-04 -1.33E-05 -8.60E-07 -1.42E-05 
17910.65 -1.98E-04 -1.29E-05 -1.01E-06 -1.39E-05 
17910.7 -1.96E-04 -1.25E-05 -1.17E-06 -1.37E-05 
17910.75 -1.93E-04 -1.21E-05 -1.32E-06 -1.34E-05 
17910.8 -1.91E-04 -1.17E-05 -1.47E-06 -1.32E-05 
17910.85 -1.88E-04 -1.13E-05 -1.62E-06 -1.29E-05 
17910.9 -1.86E-04 -1.09E-05 -1.77E-06 -1.27E-05 
17910.95 -1.83E-04 -1.05E-05 -1.92E-06 -1.24E-05 
17911 -1.81E-04 -1.01E-05 -2.07E-06 -1.22E-05 
17911.05 -1.78E-04 -9.71E-06 -2.22E-06 -1.19E-05 
17911.1 -1.76E-04 -9.30E-06 -2.37E-06 -1.17E-05 
17911.15 -1.73E-04 -8.90E-06 -2.51E-06 -1.14E-05 
17911.2 -1.70E-04 -8.49E-06 -2.66E-06 -1.12E-05 
17911.25 -1.68E-04 -8.09E-06 -2.80E-06 -1.09E-05 
17911.3 -1.65E-04 -7.68E-06 -2.95E-06 -1.06E-05 
17911.35 -1.62E-04 -7.27E-06 -3.09E-06 -1.04E-05 
17911.4 -1.60E-04 -6.87E-06 -3.24E-06 -1.01E-05 
17911.45 -1.57E-04 -6.46E-06 -3.38E-06 -9.84E-06 
17911.5 -1.54E-04 -6.05E-06 -3.52E-06 -9.58E-06 
17911.55 -1.52E-04 -5.64E-06 -3.67E-06 -9.31E-06 
17911.6 -1.49E-04 -5.23E-06 -3.81E-06 -9.04E-06 
17911.65 -1.46E-04 -4.82E-06 -3.95E-06 -8.77E-06 
17911.7 -1.43E-04 -4.42E-06 -4.09E-06 -8.50E-06 
17911.75 -1.41E-04 -4.01E-06 -4.23E-06 -8.23E-06 
17911.8 -1.38E-04 -3.59E-06 -4.36E-06 -7.96E-06 
 192 
17911.85 -1.35E-04 -3.18E-06 -4.50E-06 -7.68E-06 
17911.9 -1.32E-04 -2.77E-06 -4.64E-06 -7.41E-06 
17911.95 -1.29E-04 -2.36E-06 -4.77E-06 -7.13E-06 
17912 -1.26E-04 -1.95E-06 -4.91E-06 -6.85E-06 
17912.05 -1.24E-04 -1.54E-06 -5.04E-06 -6.58E-06 
17912.1 -1.21E-04 -1.12E-06 -5.17E-06 -6.30E-06 
17912.15 -1.18E-04 -7.12E-07 -5.30E-06 -6.01E-06 
17912.2 -1.15E-04 -2.99E-07 -5.43E-06 -5.73E-06 
17912.25 -1.12E-04 1.14E-07 -5.56E-06 -5.45E-06 
17912.3 -1.09E-04 5.27E-07 -5.69E-06 -5.16E-06 
17912.35 -1.06E-04 9.41E-07 -5.82E-06 -4.88E-06 
17912.4 -1.04E-04 1.35E-06 -5.95E-06 -4.59E-06 
17912.45 -1.01E-04 1.77E-06 -6.07E-06 -4.30E-06 
17912.5 -9.79E-05 2.18E-06 -6.20E-06 -4.01E-06 
17912.55 -9.50E-05 2.60E-06 -6.32E-06 -3.72E-06 
17912.6 -9.21E-05 3.01E-06 -6.44E-06 -3.43E-06 
17912.65 -8.92E-05 3.43E-06 -6.56E-06 -3.14E-06 
17912.7 -8.64E-05 3.84E-06 -6.69E-06 -2.84E-06 
17912.75 -8.35E-05 4.26E-06 -6.80E-06 -2.55E-06 
17912.8 -8.06E-05 4.67E-06 -6.92E-06 -2.25E-06 
17912.85 -7.78E-05 5.08E-06 -7.04E-06 -1.95E-06 
17912.9 -7.49E-05 5.50E-06 -7.16E-06 -1.66E-06 
17912.95 -7.20E-05 5.91E-06 -7.27E-06 -1.36E-06 
17913 -6.92E-05 6.33E-06 -7.38E-06 -1.05E-06 
17913.05 -6.63E-05 6.74E-06 -7.50E-06 -7.52E-07 
17913.1 -6.35E-05 7.16E-06 -7.61E-06 -4.48E-07 
17913.15 -6.07E-05 7.57E-06 -7.72E-06 -1.43E-07 
17913.2 -5.78E-05 7.99E-06 -7.83E-06 1.63E-07 
17913.25 -5.50E-05 8.40E-06 -7.93E-06 4.70E-07 
17913.3 -5.22E-05 8.82E-06 -8.04E-06 7.78E-07 
17913.35 -4.94E-05 9.23E-06 -8.15E-06 1.09E-06 
17913.4 -4.66E-05 9.65E-06 -8.25E-06 1.40E-06 
17913.45 -4.38E-05 1.01E-05 -8.35E-06 1.71E-06 
17913.5 -4.11E-05 1.05E-05 -8.45E-06 2.02E-06 
17913.55 -3.83E-05 1.09E-05 -8.55E-06 2.34E-06 
17913.6 -3.56E-05 1.13E-05 -8.65E-06 2.65E-06 
17913.65 -3.29E-05 1.17E-05 -8.75E-06 2.97E-06 
17913.7 -3.01E-05 1.21E-05 -8.84E-06 3.29E-06 
17913.75 -2.75E-05 1.25E-05 -8.94E-06 3.61E-06 
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17913.8 -2.48E-05 1.30E-05 -9.03E-06 3.93E-06 
17913.85 -2.21E-05 1.34E-05 -9.12E-06 4.25E-06 
17913.9 -1.95E-05 1.38E-05 -9.21E-06 4.57E-06 
17913.95 -1.68E-05 1.42E-05 -9.30E-06 4.90E-06 
17914 -1.42E-05 1.46E-05 -9.39E-06 5.22E-06 
17914.05 -1.16E-05 1.50E-05 -9.47E-06 5.55E-06 
17914.1 -9.06E-06 1.54E-05 -9.56E-06 5.88E-06 
17914.15 -6.51E-06 1.58E-05 -9.64E-06 6.20E-06 
17914.2 -3.98E-06 1.63E-05 -9.72E-06 6.53E-06 
17914.25 -1.47E-06 1.67E-05 -9.80E-06 6.87E-06 
17914.3 1.02E-06 1.71E-05 -9.88E-06 7.20E-06 
17914.35 3.48E-06 1.75E-05 -9.96E-06 7.53E-06 
17914.4 5.92E-06 1.79E-05 -1.00E-05 7.87E-06 
17914.45 8.34E-06 1.83E-05 -1.01E-05 8.20E-06 
17914.5 1.07E-05 1.87E-05 -1.02E-05 8.54E-06 
17914.55 1.31E-05 1.91E-05 -1.02E-05 8.88E-06 
17914.6 1.54E-05 1.95E-05 -1.03E-05 9.22E-06 
17914.65 1.77E-05 1.99E-05 -1.04E-05 9.56E-06 
17914.7 2.00E-05 2.03E-05 -1.04E-05 9.90E-06 
17914.75 2.23E-05 2.08E-05 -1.05E-05 1.02E-05 
17914.8 2.45E-05 2.12E-05 -1.06E-05 1.06E-05 
17914.85 2.67E-05 2.16E-05 -1.06E-05 1.09E-05 
17914.9 2.89E-05 2.20E-05 -1.07E-05 1.13E-05 
17914.95 3.10E-05 2.24E-05 -1.07E-05 1.16E-05 
17915 3.31E-05 2.28E-05 -1.08E-05 1.20E-05 
17915.05 3.52E-05 2.32E-05 -1.09E-05 1.23E-05 
17915.1 3.72E-05 2.36E-05 -1.09E-05 1.27E-05 
17915.15 3.92E-05 2.40E-05 -1.10E-05 1.30E-05 
17915.2 4.12E-05 2.44E-05 -1.10E-05 1.34E-05 
17915.25 4.31E-05 2.48E-05 -1.10E-05 1.37E-05 
17915.3 4.50E-05 2.52E-05 -1.11E-05 1.41E-05 
17915.35 4.69E-05 2.56E-05 -1.11E-05 1.45E-05 
17915.4 4.87E-05 2.60E-05 -1.12E-05 1.48E-05 
17915.45 5.05E-05 2.64E-05 -1.12E-05 1.52E-05 
17915.5 5.22E-05 2.68E-05 -1.12E-05 1.55E-05 
17915.55 5.39E-05 2.72E-05 -1.13E-05 1.59E-05 
17915.6 5.56E-05 2.76E-05 -1.13E-05 1.63E-05 
17915.65 5.72E-05 2.80E-05 -1.13E-05 1.66E-05 
17915.7 5.88E-05 2.84E-05 -1.14E-05 1.70E-05 
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17915.75 6.04E-05 2.88E-05 -1.14E-05 1.74E-05 
17915.8 6.19E-05 2.91E-05 -1.14E-05 1.77E-05 
17915.85 6.34E-05 2.95E-05 -1.14E-05 1.81E-05 
17915.9 6.49E-05 2.99E-05 -1.15E-05 1.85E-05 
17915.95 6.63E-05 3.03E-05 -1.15E-05 1.88E-05 
17916 6.77E-05 3.07E-05 -1.15E-05 1.92E-05 
17916.05 6.90E-05 3.11E-05 -1.15E-05 1.96E-05 
17916.1 7.04E-05 3.15E-05 -1.15E-05 2.00E-05 
17916.15 7.16E-05 3.19E-05 -1.15E-05 2.03E-05 
17916.2 7.29E-05 3.23E-05 -1.15E-05 2.07E-05 
17916.25 7.41E-05 3.26E-05 -1.16E-05 2.11E-05 
17916.3 7.53E-05 3.30E-05 -1.16E-05 2.15E-05 
17916.35 7.64E-05 3.34E-05 -1.16E-05 2.18E-05 
17916.4 7.75E-05 3.38E-05 -1.16E-05 2.22E-05 
17916.45 7.86E-05 3.42E-05 -1.16E-05 2.26E-05 
17916.5 7.96E-05 3.46E-05 -1.16E-05 2.30E-05 
17916.55 8.07E-05 3.49E-05 -1.15E-05 2.34E-05 
17916.6 8.16E-05 3.53E-05 -1.15E-05 2.38E-05 
17916.65 8.26E-05 3.57E-05 -1.15E-05 2.42E-05 
17916.7 8.35E-05 3.61E-05 -1.15E-05 2.46E-05 
17916.75 8.44E-05 3.64E-05 -1.15E-05 2.49E-05 
17916.8 8.52E-05 3.68E-05 -1.15E-05 2.53E-05 
17916.85 8.60E-05 3.72E-05 -1.15E-05 2.57E-05 
17916.9 8.68E-05 3.76E-05 -1.14E-05 2.61E-05 
17916.95 8.76E-05 3.79E-05 -1.14E-05 2.65E-05 
17917 8.83E-05 3.83E-05 -1.14E-05 2.69E-05 
17917.05 8.90E-05 3.87E-05 -1.13E-05 2.73E-05 
17917.1 8.96E-05 3.90E-05 -1.13E-05 2.77E-05 
17917.15 9.03E-05 3.94E-05 -1.13E-05 2.81E-05 
17917.2 9.09E-05 3.98E-05 -1.12E-05 2.85E-05 
17917.25 9.14E-05 4.01E-05 -1.12E-05 2.89E-05 
17917.3 9.20E-05 4.05E-05 -1.12E-05 2.93E-05 
17917.35 9.25E-05 4.08E-05 -1.11E-05 2.97E-05 
17917.4 9.30E-05 4.12E-05 -1.11E-05 3.01E-05 
17917.45 9.34E-05 4.16E-05 -1.10E-05 3.05E-05 
17917.5 9.39E-05 4.19E-05 -1.10E-05 3.09E-05 
17917.55 9.43E-05 4.23E-05 -1.09E-05 3.14E-05 
17917.6 9.46E-05 4.26E-05 -1.09E-05 3.18E-05 
17917.65 9.50E-05 4.30E-05 -1.08E-05 3.22E-05 
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17917.7 9.53E-05 4.33E-05 -1.07E-05 3.26E-05 
17917.75 9.56E-05 4.37E-05 -1.07E-05 3.30E-05 
17917.8 9.58E-05 4.40E-05 -1.06E-05 3.34E-05 
17917.85 9.60E-05 4.44E-05 -1.05E-05 3.38E-05 
17917.9 9.62E-05 4.47E-05 -1.05E-05 3.43E-05 
17917.95 9.64E-05 4.51E-05 -1.04E-05 3.47E-05 
17918 9.66E-05 4.54E-05 -1.03E-05 3.51E-05 
17918.05 9.67E-05 4.58E-05 -1.02E-05 3.55E-05 
17918.1 9.68E-05 4.61E-05 -1.01E-05 3.59E-05 
17918.15 9.68E-05 4.64E-05 -1.01E-05 3.64E-05 
17918.2 9.69E-05 4.68E-05 -9.97E-06 3.68E-05 
17918.25 9.69E-05 4.71E-05 -9.88E-06 3.72E-05 
17918.3 9.69E-05 4.74E-05 -9.79E-06 3.77E-05 
17918.35 9.69E-05 4.78E-05 -9.69E-06 3.81E-05 
17918.4 9.68E-05 4.81E-05 -9.60E-06 3.85E-05 
17918.45 9.67E-05 4.84E-05 -9.49E-06 3.89E-05 
17918.5 9.66E-05 4.88E-05 -9.39E-06 3.94E-05 
17918.55 9.65E-05 4.91E-05 -9.29E-06 3.98E-05 
17918.6 9.63E-05 4.94E-05 -9.18E-06 4.02E-05 
17918.65 9.61E-05 4.97E-05 -9.07E-06 4.07E-05 
17918.7 9.59E-05 5.01E-05 -8.95E-06 4.11E-05 
17918.75 9.57E-05 5.04E-05 -8.84E-06 4.15E-05 
17918.8 9.55E-05 5.07E-05 -8.72E-06 4.20E-05 
17918.85 9.52E-05 5.10E-05 -8.60E-06 4.24E-05 
17918.9 9.49E-05 5.13E-05 -8.48E-06 4.29E-05 
17918.95 9.46E-05 5.16E-05 -8.35E-06 4.33E-05 
17919 9.42E-05 5.20E-05 -8.22E-06 4.37E-05 
17919.05 9.39E-05 5.23E-05 -8.10E-06 4.42E-05 
17919.1 9.35E-05 5.26E-05 -7.96E-06 4.46E-05 
17919.15 9.31E-05 5.29E-05 -7.83E-06 4.50E-05 
17919.2 9.26E-05 5.32E-05 -7.70E-06 4.55E-05 
17919.25 9.22E-05 5.35E-05 -7.56E-06 4.59E-05 
17919.3 9.17E-05 5.38E-05 -7.42E-06 4.64E-05 
17919.35 9.12E-05 5.41E-05 -7.28E-06 4.68E-05 
17919.4 9.07E-05 5.44E-05 -7.13E-06 4.72E-05 
17919.45 9.02E-05 5.47E-05 -6.99E-06 4.77E-05 
17919.5 8.96E-05 5.50E-05 -6.84E-06 4.81E-05 
17919.55 8.90E-05 5.53E-05 -6.69E-06 4.86E-05 
17919.6 8.85E-05 5.55E-05 -6.54E-06 4.90E-05 
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17919.65 8.78E-05 5.58E-05 -6.39E-06 4.94E-05 
17919.7 8.72E-05 5.61E-05 -6.23E-06 4.99E-05 
17919.75 8.66E-05 5.64E-05 -6.07E-06 5.03E-05 
17919.8 8.59E-05 5.67E-05 -5.92E-06 5.08E-05 
17919.85 8.52E-05 5.70E-05 -5.76E-06 5.12E-05 
17919.9 8.45E-05 5.72E-05 -5.59E-06 5.16E-05 
17919.95 8.38E-05 5.75E-05 -5.43E-06 5.21E-05 
17920 8.30E-05 5.78E-05 -5.26E-06 5.25E-05 
17920.05 8.23E-05 5.80E-05 -5.10E-06 5.29E-05 
17920.1 8.15E-05 5.83E-05 -4.93E-06 5.34E-05 
17920.15 8.07E-05 5.86E-05 -4.76E-06 5.38E-05 
17920.2 7.99E-05 5.88E-05 -4.59E-06 5.43E-05 
17920.25 7.90E-05 5.91E-05 -4.41E-06 5.47E-05 
17920.3 7.82E-05 5.94E-05 -4.24E-06 5.51E-05 
17920.35 7.73E-05 5.96E-05 -4.06E-06 5.56E-05 
17920.4 7.64E-05 5.99E-05 -3.88E-06 5.60E-05 
17920.45 7.55E-05 6.01E-05 -3.71E-06 5.64E-05 
17920.5 7.46E-05 6.04E-05 -3.53E-06 5.68E-05 
17920.55 7.37E-05 6.06E-05 -3.34E-06 5.73E-05 
17920.6 7.28E-05 6.09E-05 -3.16E-06 5.77E-05 
17920.65 7.18E-05 6.11E-05 -2.98E-06 5.81E-05 
17920.7 7.08E-05 6.13E-05 -2.79E-06 5.86E-05 
17920.75 6.98E-05 6.16E-05 -2.60E-06 5.90E-05 
17920.8 6.88E-05 6.18E-05 -2.41E-06 5.94E-05 
17920.85 6.78E-05 6.21E-05 -2.23E-06 5.98E-05 
17920.9 6.68E-05 6.23E-05 -2.03E-06 6.02E-05 
17920.95 6.57E-05 6.25E-05 -1.84E-06 6.07E-05 
17921 6.47E-05 6.27E-05 -1.65E-06 6.11E-05 
17921.05 6.36E-05 6.30E-05 -1.46E-06 6.15E-05 
17921.1 6.25E-05 6.32E-05 -1.26E-06 6.19E-05 
17921.15 6.14E-05 6.34E-05 -1.07E-06 6.23E-05 
17921.2 6.03E-05 6.36E-05 -8.69E-07 6.27E-05 
17921.25 5.92E-05 6.38E-05 -6.71E-07 6.32E-05 
17921.3 5.80E-05 6.40E-05 -4.72E-07 6.36E-05 
17921.35 5.69E-05 6.42E-05 -2.72E-07 6.40E-05 
17921.4 5.57E-05 6.44E-05 -7.13E-08 6.44E-05 
17921.45 5.46E-05 6.47E-05 1.30E-07 6.48E-05 
17921.5 5.34E-05 6.49E-05 3.33E-07 6.52E-05 
17921.55 5.22E-05 6.51E-05 5.36E-07 6.56E-05 
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17921.6 5.10E-05 6.52E-05 7.40E-07 6.60E-05 
17921.65 4.98E-05 6.54E-05 9.44E-07 6.64E-05 
17921.7 4.85E-05 6.56E-05 1.15E-06 6.68E-05 
17921.75 4.73E-05 6.58E-05 1.36E-06 6.72E-05 
17921.8 4.60E-05 6.60E-05 1.56E-06 6.76E-05 
17921.85 4.48E-05 6.62E-05 1.77E-06 6.79E-05 
17921.9 4.35E-05 6.64E-05 1.98E-06 6.83E-05 
17921.95 4.22E-05 6.65E-05 2.19E-06 6.87E-05 
17922 4.09E-05 6.67E-05 2.40E-06 6.91E-05 
17922.05 3.96E-05 6.69E-05 2.61E-06 6.95E-05 
17922.1 3.83E-05 6.70E-05 2.82E-06 6.99E-05 
17922.15 3.70E-05 6.72E-05 3.03E-06 7.02E-05 
17922.2 3.57E-05 6.74E-05 3.24E-06 7.06E-05 
17922.25 3.44E-05 6.75E-05 3.45E-06 7.10E-05 
17922.3 3.30E-05 6.77E-05 3.66E-06 7.13E-05 
17922.35 3.17E-05 6.78E-05 3.87E-06 7.17E-05 
17922.4 3.03E-05 6.80E-05 4.09E-06 7.21E-05 
17922.45 2.90E-05 6.81E-05 4.30E-06 7.24E-05 
17922.5 2.76E-05 6.83E-05 4.51E-06 7.28E-05 
17922.55 2.62E-05 6.84E-05 4.73E-06 7.31E-05 
17922.6 2.48E-05 6.85E-05 4.94E-06 7.35E-05 
17922.65 2.34E-05 6.87E-05 5.15E-06 7.38E-05 
17922.7 2.20E-05 6.88E-05 5.37E-06 7.42E-05 
17922.75 2.06E-05 6.89E-05 5.58E-06 7.45E-05 
17922.8 1.92E-05 6.91E-05 5.80E-06 7.49E-05 
17922.85 1.78E-05 6.92E-05 6.01E-06 7.52E-05 
17922.9 1.64E-05 6.93E-05 6.23E-06 7.55E-05 
17922.95 1.50E-05 6.94E-05 6.44E-06 7.59E-05 
17923 1.35E-05 6.95E-05 6.65E-06 7.62E-05 
17923.05 1.21E-05 6.96E-05 6.87E-06 7.65E-05 
17923.1 1.07E-05 6.98E-05 7.08E-06 7.68E-05 
17923.15 9.21E-06 6.99E-05 7.30E-06 7.72E-05 
17923.2 7.76E-06 7.00E-05 7.51E-06 7.75E-05 
17923.25 6.31E-06 7.01E-05 7.73E-06 7.78E-05 
17923.3 4.85E-06 7.01E-05 7.94E-06 7.81E-05 
17923.35 3.40E-06 7.02E-05 8.15E-06 7.84E-05 
17923.4 1.94E-06 7.03E-05 8.37E-06 7.87E-05 
17923.45 4.72E-07 7.04E-05 8.58E-06 7.90E-05 
17923.5 -9.94E-07 7.05E-05 8.79E-06 7.93E-05 
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17923.55 -2.46E-06 7.06E-05 9.01E-06 7.96E-05 
17923.6 -3.93E-06 7.06E-05 9.22E-06 7.99E-05 
17923.65 -5.40E-06 7.07E-05 9.43E-06 8.01E-05 
17923.7 -6.88E-06 7.08E-05 9.64E-06 8.04E-05 
17923.75 -8.35E-06 7.08E-05 9.85E-06 8.07E-05 
17923.8 -9.82E-06 7.09E-05 1.01E-05 8.10E-05 
17923.85 -1.13E-05 7.10E-05 1.03E-05 8.12E-05 
17923.9 -1.28E-05 7.10E-05 1.05E-05 8.15E-05 
17923.95 -1.42E-05 7.11E-05 1.07E-05 8.18E-05 
17924 -1.57E-05 7.11E-05 1.09E-05 8.20E-05 
17924.05 -1.72E-05 7.11E-05 1.11E-05 8.23E-05 
17924.1 -1.87E-05 7.12E-05 1.13E-05 8.25E-05 
17924.15 -2.01E-05 7.12E-05 1.15E-05 8.27E-05 
17924.2 -2.16E-05 7.13E-05 1.17E-05 8.30E-05 
17924.25 -2.31E-05 7.13E-05 1.19E-05 8.32E-05 
17924.3 -2.45E-05 7.13E-05 1.21E-05 8.34E-05 
17924.35 -2.60E-05 7.13E-05 1.23E-05 8.37E-05 
17924.4 -2.75E-05 7.13E-05 1.26E-05 8.39E-05 
17924.45 -2.89E-05 7.14E-05 1.28E-05 8.41E-05 
17924.5 -3.04E-05 7.14E-05 1.30E-05 8.43E-05 
17924.55 -3.18E-05 7.14E-05 1.32E-05 8.45E-05 
17924.6 -3.33E-05 7.14E-05 1.34E-05 8.47E-05 
17924.65 -3.47E-05 7.14E-05 1.36E-05 8.49E-05 
17924.7 -3.62E-05 7.14E-05 1.38E-05 8.51E-05 
17924.75 -3.76E-05 7.14E-05 1.40E-05 8.53E-05 
17924.8 -3.90E-05 7.13E-05 1.42E-05 8.55E-05 
17924.85 -4.05E-05 7.13E-05 1.43E-05 8.57E-05 
17924.9 -4.19E-05 7.13E-05 1.45E-05 8.58E-05 
17924.95 -4.33E-05 7.13E-05 1.47E-05 8.60E-05 
17925 -4.47E-05 7.13E-05 1.49E-05 8.62E-05 
17925.05 -4.61E-05 7.12E-05 1.51E-05 8.63E-05 
17925.1 -4.75E-05 7.12E-05 1.53E-05 8.65E-05 
17925.15 -4.89E-05 7.12E-05 1.55E-05 8.66E-05 
17925.2 -5.03E-05 7.11E-05 1.57E-05 8.68E-05 
17925.25 -5.17E-05 7.11E-05 1.59E-05 8.69E-05 
17925.3 -5.30E-05 7.10E-05 1.61E-05 8.71E-05 
17925.35 -5.44E-05 7.10E-05 1.62E-05 8.72E-05 
17925.4 -5.57E-05 7.09E-05 1.64E-05 8.73E-05 
17925.45 -5.71E-05 7.08E-05 1.66E-05 8.74E-05 
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17925.5 -5.84E-05 7.08E-05 1.68E-05 8.75E-05 
17925.55 -5.97E-05 7.07E-05 1.70E-05 8.77E-05 
17925.6 -6.11E-05 7.06E-05 1.71E-05 8.78E-05 
17925.65 -6.24E-05 7.05E-05 1.73E-05 8.78E-05 
17925.7 -6.37E-05 7.05E-05 1.75E-05 8.79E-05 
17925.75 -6.50E-05 7.04E-05 1.77E-05 8.80E-05 
17925.8 -6.62E-05 7.03E-05 1.78E-05 8.81E-05 
17925.85 -6.75E-05 7.02E-05 1.80E-05 8.82E-05 
17925.9 -6.88E-05 7.01E-05 1.82E-05 8.82E-05 
17925.95 -7.00E-05 7.00E-05 1.83E-05 8.83E-05 
17926 -7.13E-05 6.99E-05 1.85E-05 8.84E-05 
17926.05 -7.25E-05 6.98E-05 1.87E-05 8.84E-05 
17926.1 -7.37E-05 6.96E-05 1.88E-05 8.85E-05 
17926.15 -7.49E-05 6.95E-05 1.90E-05 8.85E-05 
17926.2 -7.61E-05 6.94E-05 1.91E-05 8.85E-05 
17926.25 -7.73E-05 6.93E-05 1.93E-05 8.86E-05 
17926.3 -7.84E-05 6.91E-05 1.94E-05 8.86E-05 
17926.35 -7.96E-05 6.90E-05 1.96E-05 8.86E-05 
17926.4 -8.07E-05 6.88E-05 1.98E-05 8.86E-05 
17926.45 -8.18E-05 6.87E-05 1.99E-05 8.86E-05 
17926.5 -8.29E-05 6.85E-05 2.00E-05 8.86E-05 
17926.55 -8.40E-05 6.84E-05 2.02E-05 8.86E-05 
17926.6 -8.51E-05 6.82E-05 2.03E-05 8.86E-05 
17926.65 -8.62E-05 6.81E-05 2.05E-05 8.85E-05 
17926.7 -8.72E-05 6.79E-05 2.06E-05 8.85E-05 
17926.75 -8.83E-05 6.77E-05 2.07E-05 8.85E-05 
17926.8 -8.93E-05 6.75E-05 2.09E-05 8.84E-05 
17926.85 -9.03E-05 6.74E-05 2.10E-05 8.84E-05 
17926.9 -9.13E-05 6.72E-05 2.11E-05 8.83E-05 
17926.95 -9.22E-05 6.70E-05 2.13E-05 8.83E-05 
17927 -9.32E-05 6.68E-05 2.14E-05 8.82E-05 
17927.05 -9.41E-05 6.66E-05 2.15E-05 8.81E-05 
17927.1 -9.51E-05 6.64E-05 2.16E-05 8.80E-05 
17927.15 -9.60E-05 6.62E-05 2.18E-05 8.79E-05 
17927.2 -9.69E-05 6.60E-05 2.19E-05 8.78E-05 
17927.25 -9.77E-05 6.57E-05 2.20E-05 8.77E-05 
17927.3 -9.86E-05 6.55E-05 2.21E-05 8.76E-05 
17927.35 -9.94E-05 6.53E-05 2.22E-05 8.75E-05 
17927.4 -1.00E-04 6.50E-05 2.23E-05 8.74E-05 
 200 
17927.45 -1.01E-04 6.48E-05 2.24E-05 8.72E-05 
17927.5 -1.02E-04 6.46E-05 2.25E-05 8.71E-05 
17927.55 -1.03E-04 6.43E-05 2.26E-05 8.69E-05 
17927.6 -1.03E-04 6.41E-05 2.27E-05 8.68E-05 
17927.65 -1.04E-04 6.38E-05 2.28E-05 8.66E-05 
17927.7 -1.05E-04 6.35E-05 2.29E-05 8.65E-05 
17927.75 -1.05E-04 6.33E-05 2.30E-05 8.63E-05 
17927.8 -1.06E-04 6.30E-05 2.31E-05 8.61E-05 
17927.85 -1.07E-04 6.27E-05 2.32E-05 8.59E-05 
17927.9 -1.07E-04 6.25E-05 2.33E-05 8.57E-05 
17927.95 -1.08E-04 6.22E-05 2.33E-05 8.55E-05 
17928 -1.08E-04 6.19E-05 2.34E-05 8.53E-05 
17928.05 -1.09E-04 6.16E-05 2.35E-05 8.51E-05 
17928.1 -1.09E-04 6.13E-05 2.36E-05 8.48E-05 
17928.15 -1.10E-04 6.10E-05 2.36E-05 8.46E-05 
17928.2 -1.10E-04 6.07E-05 2.37E-05 8.43E-05 
17928.25 -1.11E-04 6.03E-05 2.37E-05 8.41E-05 
17928.3 -1.11E-04 6.00E-05 2.38E-05 8.38E-05 
17928.35 -1.12E-04 5.97E-05 2.39E-05 8.36E-05 
17928.4 -1.12E-04 5.94E-05 2.39E-05 8.33E-05 
17928.45 -1.12E-04 5.90E-05 2.40E-05 8.30E-05 
17928.5 -1.13E-04 5.87E-05 2.40E-05 8.27E-05 
17928.55 -1.13E-04 5.84E-05 2.41E-05 8.24E-05 
17928.6 -1.13E-04 5.80E-05 2.41E-05 8.21E-05 
17928.65 -1.14E-04 5.77E-05 2.41E-05 8.18E-05 
17928.7 -1.14E-04 5.73E-05 2.42E-05 8.15E-05 
17928.75 -1.14E-04 5.69E-05 2.42E-05 8.12E-05 
17928.8 -1.14E-04 5.66E-05 2.43E-05 8.08E-05 
17928.85 -1.14E-04 5.62E-05 2.43E-05 8.05E-05 
17928.9 -1.14E-04 5.58E-05 2.43E-05 8.01E-05 
17928.95 -1.15E-04 5.55E-05 2.43E-05 7.98E-05 
17929 -1.15E-04 5.51E-05 2.44E-05 7.94E-05 
17929.05 -1.15E-04 5.47E-05 2.44E-05 7.91E-05 
17929.1 -1.15E-04 5.43E-05 2.44E-05 7.87E-05 
17929.15 -1.15E-04 5.39E-05 2.44E-05 7.83E-05 
17929.2 -1.15E-04 5.35E-05 2.44E-05 7.79E-05 
17929.25 -1.15E-04 5.31E-05 2.44E-05 7.76E-05 
17929.3 -1.14E-04 5.27E-05 2.44E-05 7.72E-05 
17929.35 -1.14E-04 5.23E-05 2.44E-05 7.68E-05 
 201 
17929.4 -1.14E-04 5.19E-05 2.45E-05 7.64E-05 
17929.45 -1.14E-04 5.15E-05 2.45E-05 7.59E-05 
17929.5 -1.14E-04 5.11E-05 2.45E-05 7.55E-05 
17929.55 -1.13E-04 5.07E-05 2.44E-05 7.51E-05 
17929.6 -1.13E-04 5.02E-05 2.44E-05 7.47E-05 
17929.65 -1.13E-04 4.98E-05 2.44E-05 7.42E-05 
17929.7 -1.13E-04 4.94E-05 2.44E-05 7.38E-05 
17929.75 -1.12E-04 4.89E-05 2.44E-05 7.34E-05 
17929.8 -1.12E-04 4.85E-05 2.44E-05 7.29E-05 
17929.85 -1.11E-04 4.81E-05 2.44E-05 7.25E-05 
17929.9 -1.11E-04 4.76E-05 2.44E-05 7.20E-05 
17929.95 -1.10E-04 4.72E-05 2.43E-05 7.15E-05 
17930 -1.10E-04 4.67E-05 2.43E-05 7.11E-05 
17930.05 -1.09E-04 4.63E-05 2.43E-05 7.06E-05 
17930.1 -1.09E-04 4.58E-05 2.43E-05 7.01E-05 
17930.15 -1.08E-04 4.54E-05 2.42E-05 6.96E-05 
17930.2 -1.07E-04 4.49E-05 2.42E-05 6.91E-05 
17930.25 -1.07E-04 4.45E-05 2.42E-05 6.87E-05 
17930.3 -1.06E-04 4.40E-05 2.41E-05 6.82E-05 
17930.35 -1.05E-04 4.35E-05 2.41E-05 6.77E-05 
17930.4 -1.04E-04 4.31E-05 2.41E-05 6.72E-05 
17930.45 -1.03E-04 4.26E-05 2.40E-05 6.66E-05 
17930.5 -1.03E-04 4.21E-05 2.40E-05 6.61E-05 
17930.55 -1.02E-04 4.17E-05 2.39E-05 6.56E-05 
17930.6 -1.01E-04 4.12E-05 2.39E-05 6.51E-05 
17930.65 -9.97E-05 4.07E-05 2.38E-05 6.46E-05 
17930.7 -9.87E-05 4.02E-05 2.38E-05 6.40E-05 
17930.75 -9.76E-05 3.98E-05 2.37E-05 6.35E-05 
17930.8 -9.65E-05 3.93E-05 2.37E-05 6.30E-05 
17930.85 -9.54E-05 3.88E-05 2.36E-05 6.24E-05 
17930.9 -9.43E-05 3.83E-05 2.36E-05 6.19E-05 
17930.95 -9.31E-05 3.78E-05 2.35E-05 6.13E-05 
17931 -9.19E-05 3.73E-05 2.35E-05 6.08E-05 
17931.05 -9.07E-05 3.68E-05 2.34E-05 6.02E-05 
17931.1 -8.94E-05 3.63E-05 2.33E-05 5.97E-05 
17931.15 -8.81E-05 3.59E-05 2.33E-05 5.91E-05 
17931.2 -8.68E-05 3.54E-05 2.32E-05 5.86E-05 
17931.25 -8.54E-05 3.49E-05 2.31E-05 5.80E-05 
17931.3 -8.41E-05 3.44E-05 2.31E-05 5.74E-05 
 202 
17931.35 -8.27E-05 3.39E-05 2.30E-05 5.69E-05 
17931.4 -8.12E-05 3.34E-05 2.29E-05 5.63E-05 
17931.45 -7.98E-05 3.29E-05 2.29E-05 5.57E-05 
17931.5 -7.83E-05 3.24E-05 2.28E-05 5.52E-05 
17931.55 -7.68E-05 3.19E-05 2.27E-05 5.46E-05 
17931.6 -7.53E-05 3.14E-05 2.26E-05 5.40E-05 
17931.65 -7.37E-05 3.09E-05 2.25E-05 5.34E-05 
17931.7 -7.21E-05 3.04E-05 2.25E-05 5.28E-05 
17931.75 -7.05E-05 2.98E-05 2.24E-05 5.22E-05 
17931.8 -6.89E-05 2.93E-05 2.23E-05 5.16E-05 
17931.85 -6.72E-05 2.88E-05 2.22E-05 5.11E-05 
17931.9 -6.56E-05 2.83E-05 2.21E-05 5.05E-05 
17931.95 -6.39E-05 2.78E-05 2.20E-05 4.99E-05 
17932 -6.22E-05 2.73E-05 2.20E-05 4.93E-05 
17932.05 -6.04E-05 2.68E-05 2.19E-05 4.87E-05 
17932.1 -5.87E-05 2.63E-05 2.18E-05 4.81E-05 
17932.15 -5.69E-05 2.58E-05 2.17E-05 4.75E-05 
17932.2 -5.51E-05 2.53E-05 2.16E-05 4.69E-05 
17932.25 -5.33E-05 2.48E-05 2.15E-05 4.63E-05 
17932.3 -5.15E-05 2.43E-05 2.14E-05 4.57E-05 
17932.35 -4.96E-05 2.38E-05 2.13E-05 4.51E-05 
17932.4 -4.78E-05 2.32E-05 2.12E-05 4.44E-05 
17932.45 -4.59E-05 2.27E-05 2.11E-05 4.38E-05 
17932.5 -4.40E-05 2.22E-05 2.10E-05 4.32E-05 
17932.55 -4.21E-05 2.17E-05 2.09E-05 4.26E-05 
17932.6 -4.01E-05 2.12E-05 2.08E-05 4.20E-05 
17932.65 -3.82E-05 2.07E-05 2.07E-05 4.14E-05 
17932.7 -3.62E-05 2.02E-05 2.06E-05 4.08E-05 
17932.75 -3.43E-05 1.97E-05 2.05E-05 4.02E-05 
17932.8 -3.23E-05 1.92E-05 2.04E-05 3.96E-05 
17932.85 -3.03E-05 1.87E-05 2.03E-05 3.90E-05 
17932.9 -2.83E-05 1.82E-05 2.02E-05 3.83E-05 
17932.95 -2.62E-05 1.77E-05 2.01E-05 3.77E-05 
17933 -2.42E-05 1.72E-05 2.00E-05 3.71E-05 
17933.05 -2.22E-05 1.67E-05 1.98E-05 3.65E-05 
17933.1 -2.01E-05 1.62E-05 1.97E-05 3.59E-05 
17933.15 -1.80E-05 1.57E-05 1.96E-05 3.53E-05 
17933.2 -1.59E-05 1.52E-05 1.95E-05 3.47E-05 
17933.25 -1.39E-05 1.47E-05 1.94E-05 3.41E-05 
 203 
17933.3 -1.18E-05 1.42E-05 1.93E-05 3.34E-05 
17933.35 -9.65E-06 1.37E-05 1.92E-05 3.28E-05 
17933.4 -7.54E-06 1.32E-05 1.90E-05 3.22E-05 
17933.45 -5.42E-06 1.27E-05 1.89E-05 3.16E-05 
17933.5 -3.29E-06 1.22E-05 1.88E-05 3.10E-05 
17933.55 -1.15E-06 1.17E-05 1.87E-05 3.04E-05 
17933.6 9.93E-07 1.12E-05 1.86E-05 2.98E-05 
17933.65 3.14E-06 1.07E-05 1.85E-05 2.92E-05 
17933.7 5.29E-06 1.02E-05 1.83E-05 2.86E-05 
17933.75 7.45E-06 9.75E-06 1.82E-05 2.80E-05 
17933.8 9.62E-06 9.26E-06 1.81E-05 2.74E-05 
17933.85 1.18E-05 8.78E-06 1.80E-05 2.68E-05 
17933.9 1.40E-05 8.30E-06 1.79E-05 2.62E-05 
17933.95 1.61E-05 7.82E-06 1.77E-05 2.56E-05 
17934 1.83E-05 7.35E-06 1.76E-05 2.50E-05 
17934.05 2.05E-05 6.88E-06 1.75E-05 2.44E-05 
17934.1 2.27E-05 6.40E-06 1.74E-05 2.38E-05 
17934.15 2.48E-05 5.94E-06 1.72E-05 2.32E-05 
17934.2 2.70E-05 5.47E-06 1.71E-05 2.26E-05 
17934.25 2.92E-05 5.00E-06 1.70E-05 2.20E-05 
17934.3 3.14E-05 4.54E-06 1.69E-05 2.14E-05 
17934.35 3.36E-05 4.08E-06 1.68E-05 2.08E-05 
17934.4 3.57E-05 3.62E-06 1.66E-05 2.03E-05 
17934.45 3.79E-05 3.17E-06 1.65E-05 1.97E-05 
17934.5 4.01E-05 2.72E-06 1.64E-05 1.91E-05 
17934.55 4.23E-05 2.27E-06 1.63E-05 1.85E-05 
17934.6 4.44E-05 1.82E-06 1.61E-05 1.79E-05 
17934.65 4.66E-05 1.37E-06 1.60E-05 1.74E-05 
17934.7 4.88E-05 9.32E-07 1.59E-05 1.68E-05 
17934.75 5.09E-05 4.93E-07 1.58E-05 1.62E-05 
17934.8 5.31E-05 5.70E-08 1.56E-05 1.57E-05 
17934.85 5.52E-05 -3.76E-07 1.55E-05 1.51E-05 
17934.9 5.74E-05 -8.06E-07 1.54E-05 1.46E-05 
17934.95 5.95E-05 -1.23E-06 1.52E-05 1.40E-05 
17935 6.17E-05 -1.66E-06 1.51E-05 1.35E-05 
17935.05 6.38E-05 -2.08E-06 1.50E-05 1.29E-05 
17935.1 6.59E-05 -2.50E-06 1.49E-05 1.24E-05 
17935.15 6.80E-05 -2.91E-06 1.47E-05 1.18E-05 
17935.2 7.01E-05 -3.32E-06 1.46E-05 1.13E-05 
 204 
17935.25 7.22E-05 -3.73E-06 1.45E-05 1.08E-05 
17935.3 7.43E-05 -4.13E-06 1.44E-05 1.02E-05 
17935.35 7.63E-05 -4.53E-06 1.42E-05 9.70E-06 
17935.4 7.84E-05 -4.93E-06 1.41E-05 9.18E-06 
17935.45 8.05E-05 -5.32E-06 1.40E-05 8.66E-06 
17935.5 8.25E-05 -5.71E-06 1.39E-05 8.15E-06 
17935.55 8.45E-05 -6.10E-06 1.37E-05 7.64E-06 
17935.6 8.65E-05 -6.48E-06 1.36E-05 7.13E-06 
17935.65 8.85E-05 -6.85E-06 1.35E-05 6.63E-06 
17935.7 9.05E-05 -7.23E-06 1.34E-05 6.13E-06 
17935.75 9.25E-05 -7.60E-06 1.32E-05 5.64E-06 
17935.8 9.45E-05 -7.96E-06 1.31E-05 5.15E-06 
17935.85 9.64E-05 -8.33E-06 1.30E-05 4.66E-06 
17935.9 9.84E-05 -8.68E-06 1.29E-05 4.18E-06 
17935.95 1.00E-04 -9.04E-06 1.27E-05 3.71E-06 
17936 1.02E-04 -9.38E-06 1.26E-05 3.23E-06 
17936.05 1.04E-04 -9.73E-06 1.25E-05 2.77E-06 
17936.1 1.06E-04 -1.01E-05 1.24E-05 2.31E-06 
17936.15 1.08E-04 -1.04E-05 1.23E-05 1.85E-06 
17936.2 1.10E-04 -1.07E-05 1.21E-05 1.40E-06 
17936.25 1.11E-04 -1.11E-05 1.20E-05 9.51E-07 
17936.3 1.13E-04 -1.14E-05 1.19E-05 5.10E-07 
17936.35 1.15E-04 -1.17E-05 1.18E-05 7.37E-08 
17936.4 1.17E-04 -1.20E-05 1.17E-05 -3.57E-07 
17936.45 1.19E-04 -1.23E-05 1.15E-05 -7.83E-07 
17936.5 1.20E-04 -1.26E-05 1.14E-05 -1.20E-06 
17936.55 1.22E-04 -1.29E-05 1.13E-05 -1.62E-06 
17936.6 1.24E-04 -1.32E-05 1.12E-05 -2.03E-06 
17936.65 1.25E-04 -1.35E-05 1.11E-05 -2.43E-06 
17936.7 1.27E-04 -1.38E-05 1.10E-05 -2.83E-06 
17936.75 1.28E-04 -1.41E-05 1.08E-05 -3.22E-06 
17936.8 1.30E-04 -1.43E-05 1.07E-05 -3.60E-06 
17936.85 1.32E-04 -1.46E-05 1.06E-05 -3.98E-06 
17936.9 1.33E-04 -1.49E-05 1.05E-05 -4.35E-06 
17936.95 1.35E-04 -1.51E-05 1.04E-05 -4.72E-06 
17937 1.36E-04 -1.54E-05 1.03E-05 -5.08E-06 
17937.05 1.38E-04 -1.56E-05 1.02E-05 -5.44E-06 
17937.1 1.39E-04 -1.58E-05 1.01E-05 -5.78E-06 
17937.15 1.40E-04 -1.61E-05 9.95E-06 -6.13E-06 
 205 
17937.2 1.42E-04 -1.63E-05 9.85E-06 -6.46E-06 
17937.25 1.43E-04 -1.65E-05 9.74E-06 -6.79E-06 
17937.3 1.45E-04 -1.67E-05 9.64E-06 -7.11E-06 
17937.35 1.46E-04 -1.70E-05 9.53E-06 -7.42E-06 
17937.4 1.47E-04 -1.72E-05 9.43E-06 -7.73E-06 
17937.45 1.48E-04 -1.74E-05 9.32E-06 -8.03E-06 
17937.5 1.50E-04 -1.75E-05 9.22E-06 -8.33E-06 
17937.55 1.51E-04 -1.77E-05 9.12E-06 -8.61E-06 
17937.6 1.52E-04 -1.79E-05 9.02E-06 -8.89E-06 
17937.65 1.53E-04 -1.81E-05 8.92E-06 -9.16E-06 
17937.7 1.54E-04 -1.83E-05 8.83E-06 -9.43E-06 
17937.75 1.55E-04 -1.84E-05 8.73E-06 -9.68E-06 
17937.8 1.56E-04 -1.86E-05 8.64E-06 -9.93E-06 
17937.85 1.57E-04 -1.87E-05 8.54E-06 -1.02E-05 
17937.9 1.58E-04 -1.89E-05 8.45E-06 -1.04E-05 
17937.95 1.59E-04 -1.90E-05 8.36E-06 -1.06E-05 
17938 1.60E-04 -1.91E-05 8.27E-06 -1.09E-05 
17938.05 1.61E-04 -1.92E-05 8.18E-06 -1.11E-05 
17938.1 1.62E-04 -1.94E-05 8.09E-06 -1.13E-05 
17938.15 1.62E-04 -1.95E-05 8.00E-06 -1.15E-05 
17938.2 1.63E-04 -1.96E-05 7.92E-06 -1.16E-05 
17938.25 1.64E-04 -1.97E-05 7.83E-06 -1.18E-05 
17938.3 1.65E-04 -1.97E-05 7.75E-06 -1.20E-05 
17938.35 1.65E-04 -1.98E-05 7.67E-06 -1.22E-05 
17938.4 1.66E-04 -1.99E-05 7.59E-06 -1.23E-05 
17938.45 1.67E-04 -2.00E-05 7.51E-06 -1.25E-05 
17938.5 1.67E-04 -2.00E-05 7.43E-06 -1.26E-05 
17938.55 1.68E-04 -2.01E-05 7.36E-06 -1.27E-05 
17938.6 1.68E-04 -2.01E-05 7.28E-06 -1.29E-05 
17938.65 1.69E-04 -2.02E-05 7.21E-06 -1.30E-05 
17938.7 1.69E-04 -2.02E-05 7.13E-06 -1.31E-05 
17938.75 1.69E-04 -2.02E-05 7.06E-06 -1.32E-05 
17938.8 1.70E-04 -2.03E-05 6.99E-06 -1.33E-05 
17938.85 1.70E-04 -2.03E-05 6.92E-06 -1.34E-05 
17938.9 1.71E-04 -2.03E-05 6.85E-06 -1.34E-05 
17938.95 1.71E-04 -2.03E-05 6.79E-06 -1.35E-05 
17939 1.71E-04 -2.03E-05 6.72E-06 -1.36E-05 
17939.05 1.71E-04 -2.03E-05 6.66E-06 -1.36E-05 
17939.1 1.72E-04 -2.03E-05 6.60E-06 -1.37E-05 
 206 
17939.15 1.72E-04 -2.03E-05 6.53E-06 -1.37E-05 
17939.2 1.72E-04 -2.02E-05 6.47E-06 -1.38E-05 
17939.25 1.72E-04 -2.02E-05 6.41E-06 -1.38E-05 
17939.3 1.72E-04 -2.02E-05 6.36E-06 -1.38E-05 
17939.35 1.72E-04 -2.01E-05 6.30E-06 -1.38E-05 
17939.4 1.72E-04 -2.01E-05 6.24E-06 -1.38E-05 
17939.45 1.72E-04 -2.00E-05 6.19E-06 -1.38E-05 
17939.5 1.72E-04 -2.00E-05 6.14E-06 -1.38E-05 
17939.55 1.72E-04 -1.99E-05 6.09E-06 -1.38E-05 
17939.6 1.72E-04 -1.98E-05 6.04E-06 -1.38E-05 
17939.65 1.72E-04 -1.98E-05 5.99E-06 -1.38E-05 
17939.7 1.72E-04 -1.97E-05 5.94E-06 -1.38E-05 
17939.75 1.72E-04 -1.96E-05 5.89E-06 -1.37E-05 
17939.8 1.72E-04 -1.95E-05 5.85E-06 -1.37E-05 
17939.85 1.72E-04 -1.94E-05 5.80E-06 -1.36E-05 
17939.9 1.71E-04 -1.93E-05 5.76E-06 -1.36E-05 
17939.95 1.71E-04 -1.92E-05 5.72E-06 -1.35E-05 
17940 1.71E-04 -1.91E-05 5.68E-06 -1.34E-05 
17940.05 1.71E-04 -1.90E-05 5.64E-06 -1.34E-05 
17940.1 1.70E-04 -1.89E-05 5.60E-06 -1.33E-05 
17940.15 1.70E-04 -1.88E-05 5.56E-06 -1.32E-05 
17940.2 1.70E-04 -1.86E-05 5.53E-06 -1.31E-05 
17940.25 1.69E-04 -1.85E-05 5.49E-06 -1.30E-05 
17940.3 1.69E-04 -1.84E-05 5.46E-06 -1.29E-05 
17940.35 1.69E-04 -1.82E-05 5.43E-06 -1.28E-05 
17940.4 1.68E-04 -1.81E-05 5.39E-06 -1.27E-05 
17940.45 1.68E-04 -1.79E-05 5.36E-06 -1.25E-05 
17940.5 1.67E-04 -1.78E-05 5.34E-06 -1.24E-05 
17940.55 1.67E-04 -1.76E-05 5.31E-06 -1.23E-05 
17940.6 1.66E-04 -1.74E-05 5.28E-06 -1.21E-05 
17940.65 1.66E-04 -1.73E-05 5.26E-06 -1.20E-05 
17940.7 1.65E-04 -1.71E-05 5.23E-06 -1.19E-05 
17940.75 1.65E-04 -1.69E-05 5.21E-06 -1.17E-05 
17940.8 1.64E-04 -1.67E-05 5.19E-06 -1.15E-05 
17940.85 1.63E-04 -1.65E-05 5.17E-06 -1.14E-05 
17940.9 1.63E-04 -1.64E-05 5.15E-06 -1.12E-05 
17940.95 1.62E-04 -1.62E-05 5.13E-06 -1.10E-05 
17941 1.62E-04 -1.60E-05 5.12E-06 -1.08E-05 
17941.05 1.61E-04 -1.58E-05 5.10E-06 -1.07E-05 
 207 
17941.1 1.60E-04 -1.56E-05 5.09E-06 -1.05E-05 
17941.15 1.60E-04 -1.53E-05 5.08E-06 -1.03E-05 
17941.2 1.59E-04 -1.51E-05 5.06E-06 -1.01E-05 
17941.25 1.58E-04 -1.49E-05 5.05E-06 -9.86E-06 
17941.3 1.57E-04 -1.47E-05 5.04E-06 -9.65E-06 
17941.35 1.57E-04 -1.45E-05 5.04E-06 -9.43E-06 
17941.4 1.56E-04 -1.42E-05 5.03E-06 -9.21E-06 
17941.45 1.55E-04 -1.40E-05 5.02E-06 -8.99E-06 
17941.5 1.54E-04 -1.38E-05 5.02E-06 -8.76E-06 
17941.55 1.53E-04 -1.35E-05 5.02E-06 -8.52E-06 
17941.6 1.53E-04 -1.33E-05 5.01E-06 -8.28E-06 
17941.65 1.52E-04 -1.31E-05 5.01E-06 -8.04E-06 
17941.7 1.51E-04 -1.28E-05 5.01E-06 -7.79E-06 
17941.75 1.50E-04 -1.26E-05 5.01E-06 -7.54E-06 
17941.8 1.49E-04 -1.23E-05 5.02E-06 -7.28E-06 
17941.85 1.48E-04 -1.20E-05 5.02E-06 -7.02E-06 
17941.9 1.47E-04 -1.18E-05 5.03E-06 -6.76E-06 
17941.95 1.46E-04 -1.15E-05 5.03E-06 -6.49E-06 
17942 1.45E-04 -1.13E-05 5.04E-06 -6.21E-06 
17942.05 1.44E-04 -1.10E-05 5.05E-06 -5.94E-06 
17942.1 1.43E-04 -1.07E-05 5.06E-06 -5.65E-06 
17942.15 1.42E-04 -1.04E-05 5.07E-06 -5.37E-06 
17942.2 1.41E-04 -1.02E-05 5.08E-06 -5.08E-06 
17942.25 1.40E-04 -9.88E-06 5.09E-06 -4.79E-06 
17942.3 1.39E-04 -9.60E-06 5.11E-06 -4.49E-06 
17942.35 1.38E-04 -9.31E-06 5.12E-06 -4.19E-06 
17942.4 1.37E-04 -9.02E-06 5.14E-06 -3.88E-06 
17942.45 1.36E-04 -8.73E-06 5.16E-06 -3.57E-06 
17942.5 1.35E-04 -8.44E-06 5.18E-06 -3.26E-06 
17942.55 1.34E-04 -8.14E-06 5.20E-06 -2.95E-06 
17942.6 1.33E-04 -7.85E-06 5.22E-06 -2.63E-06 
17942.65 1.32E-04 -7.55E-06 5.24E-06 -2.31E-06 
17942.7 1.31E-04 -7.25E-06 5.26E-06 -1.98E-06 
17942.75 1.30E-04 -6.94E-06 5.29E-06 -1.65E-06 
17942.8 1.29E-04 -6.63E-06 5.32E-06 -1.32E-06 
17942.85 1.28E-04 -6.33E-06 5.34E-06 -9.83E-07 
17942.9 1.26E-04 -6.02E-06 5.37E-06 -6.44E-07 
17942.95 1.25E-04 -5.70E-06 5.40E-06 -3.02E-07 
17943 1.24E-04 -5.39E-06 5.43E-06 4.33E-08 
 208 
17943.05 1.23E-04 -5.07E-06 5.46E-06 3.92E-07 
17943.1 1.22E-04 -4.75E-06 5.50E-06 7.43E-07 
17943.15 1.21E-04 -4.43E-06 5.53E-06 1.10E-06 
17943.2 1.20E-04 -4.11E-06 5.57E-06 1.45E-06 
17943.25 1.18E-04 -3.79E-06 5.60E-06 1.81E-06 
17943.3 1.17E-04 -3.46E-06 5.64E-06 2.18E-06 
17943.35 1.16E-04 -3.14E-06 5.68E-06 2.54E-06 
17943.4 1.15E-04 -2.81E-06 5.72E-06 2.91E-06 
17943.45 1.14E-04 -2.48E-06 5.76E-06 3.28E-06 
17943.5 1.13E-04 -2.15E-06 5.80E-06 3.65E-06 
17943.55 1.11E-04 -1.82E-06 5.85E-06 4.03E-06 
17943.6 1.10E-04 -1.48E-06 5.89E-06 4.41E-06 
17943.65 1.09E-04 -1.15E-06 5.94E-06 4.79E-06 
17943.7 1.08E-04 -8.12E-07 5.98E-06 5.17E-06 
17943.75 1.07E-04 -4.74E-07 6.03E-06 5.56E-06 
17943.8 1.05E-04 -1.36E-07 6.08E-06 5.94E-06 
17943.85 1.04E-04 2.04E-07 6.13E-06 6.33E-06 
17943.9 1.03E-04 5.44E-07 6.18E-06 6.73E-06 
17943.95 1.02E-04 8.86E-07 6.23E-06 7.12E-06 
17944 1.00E-04 1.23E-06 6.29E-06 7.52E-06 
17944.05 9.93E-05 1.57E-06 6.34E-06 7.91E-06 
17944.1 9.81E-05 1.92E-06 6.40E-06 8.31E-06 
17944.15 9.68E-05 2.26E-06 6.45E-06 8.72E-06 
17944.2 9.56E-05 2.61E-06 6.51E-06 9.12E-06 
17944.25 9.44E-05 2.95E-06 6.57E-06 9.53E-06 
17944.3 9.32E-05 3.30E-06 6.63E-06 9.93E-06 
17944.35 9.20E-05 3.65E-06 6.69E-06 1.03E-05 
17944.4 9.08E-05 4.00E-06 6.76E-06 1.08E-05 
17944.45 8.95E-05 4.34E-06 6.82E-06 1.12E-05 
17944.5 8.83E-05 4.69E-06 6.89E-06 1.16E-05 
17944.55 8.71E-05 5.04E-06 6.95E-06 1.20E-05 
17944.6 8.59E-05 5.39E-06 7.02E-06 1.24E-05 
17944.65 8.47E-05 5.74E-06 7.09E-06 1.28E-05 
17944.7 8.35E-05 6.09E-06 7.16E-06 1.32E-05 
17944.75 8.23E-05 6.44E-06 7.23E-06 1.37E-05 
17944.8 8.11E-05 6.79E-06 7.30E-06 1.41E-05 
17944.85 7.99E-05 7.14E-06 7.37E-06 1.45E-05 
17944.9 7.87E-05 7.49E-06 7.45E-06 1.49E-05 
17944.95 7.75E-05 7.84E-06 7.52E-06 1.54E-05 
 209 
17945 7.63E-05 8.19E-06 7.60E-06 1.58E-05 
17945.05 7.51E-05 8.54E-06 7.67E-06 1.62E-05 
17945.1 7.39E-05 8.90E-06 7.75E-06 1.66E-05 
17945.15 7.28E-05 9.24E-06 7.83E-06 1.71E-05 
17945.2 7.16E-05 9.59E-06 7.91E-06 1.75E-05 
17945.25 7.04E-05 9.94E-06 7.99E-06 1.79E-05 
17945.3 6.93E-05 1.03E-05 8.08E-06 1.84E-05 
17945.35 6.81E-05 1.06E-05 8.16E-06 1.88E-05 
17945.4 6.70E-05 1.10E-05 8.25E-06 1.92E-05 
17945.45 6.58E-05 1.13E-05 8.33E-06 1.97E-05 
17945.5 6.47E-05 1.17E-05 8.42E-06 2.01E-05 
17945.55 6.36E-05 1.20E-05 8.51E-06 2.05E-05 
17945.6 6.25E-05 1.24E-05 8.60E-06 2.10E-05 
17945.65 6.13E-05 1.27E-05 8.69E-06 2.14E-05 
17945.7 6.02E-05 1.31E-05 8.78E-06 2.18E-05 
17945.75 5.91E-05 1.34E-05 8.87E-06 2.23E-05 
17945.8 5.80E-05 1.37E-05 8.96E-06 2.27E-05 
17945.85 5.70E-05 1.41E-05 9.06E-06 2.31E-05 
17945.9 5.59E-05 1.44E-05 9.16E-06 2.36E-05 
17945.95 5.48E-05 1.48E-05 9.25E-06 2.40E-05 
17946 5.38E-05 1.51E-05 9.35E-06 2.45E-05 
17946.05 5.27E-05 1.54E-05 9.45E-06 2.49E-05 
17946.1 5.17E-05 1.58E-05 9.55E-06 2.53E-05 
17946.15 5.06E-05 1.61E-05 9.65E-06 2.58E-05 
17946.2 4.96E-05 1.64E-05 9.75E-06 2.62E-05 
17946.25 4.86E-05 1.68E-05 9.86E-06 2.66E-05 
17946.3 4.76E-05 1.71E-05 9.96E-06 2.71E-05 
17946.35 4.66E-05 1.74E-05 1.01E-05 2.75E-05 
17946.4 4.56E-05 1.78E-05 1.02E-05 2.79E-05 
17946.45 4.46E-05 1.81E-05 1.03E-05 2.84E-05 
17946.5 4.36E-05 1.84E-05 1.04E-05 2.88E-05 
17946.55 4.26E-05 1.87E-05 1.05E-05 2.92E-05 
17946.6 4.17E-05 1.91E-05 1.06E-05 2.97E-05 
17946.65 4.07E-05 1.94E-05 1.07E-05 3.01E-05 
17946.7 3.98E-05 1.97E-05 1.08E-05 3.05E-05 
17946.75 3.89E-05 2.00E-05 1.10E-05 3.10E-05 
17946.8 3.79E-05 2.03E-05 1.11E-05 3.14E-05 
17946.85 3.70E-05 2.06E-05 1.12E-05 3.18E-05 
17946.9 3.61E-05 2.09E-05 1.13E-05 3.23E-05 
 210 
17946.95 3.52E-05 2.13E-05 1.14E-05 3.27E-05 
17947 3.43E-05 2.16E-05 1.15E-05 3.31E-05 
17947.05 3.35E-05 2.19E-05 1.17E-05 3.35E-05 
17947.1 3.26E-05 2.22E-05 1.18E-05 3.40E-05 
17947.15 3.18E-05 2.25E-05 1.19E-05 3.44E-05 
17947.2 3.09E-05 2.28E-05 1.20E-05 3.48E-05 
17947.25 3.01E-05 2.31E-05 1.22E-05 3.52E-05 
17947.3 2.93E-05 2.33E-05 1.23E-05 3.56E-05 
17947.35 2.85E-05 2.36E-05 1.24E-05 3.60E-05 
17947.4 2.77E-05 2.39E-05 1.25E-05 3.65E-05 
17947.45 2.69E-05 2.42E-05 1.27E-05 3.69E-05 
17947.5 2.61E-05 2.45E-05 1.28E-05 3.73E-05 
17947.55 2.54E-05 2.48E-05 1.29E-05 3.77E-05 
17947.6 2.46E-05 2.50E-05 1.31E-05 3.81E-05 
17947.65 2.39E-05 2.53E-05 1.32E-05 3.85E-05 
17947.7 2.32E-05 2.56E-05 1.33E-05 3.89E-05 
17947.75 2.24E-05 2.59E-05 1.35E-05 3.93E-05 
17947.8 2.17E-05 2.61E-05 1.36E-05 3.97E-05 
17947.85 2.11E-05 2.64E-05 1.37E-05 4.01E-05 
17947.9 2.04E-05 2.66E-05 1.39E-05 4.05E-05 
17947.95 1.97E-05 2.69E-05 1.40E-05 4.09E-05 
17948 1.91E-05 2.72E-05 1.42E-05 4.13E-05 
17948.05 1.84E-05 2.74E-05 1.43E-05 4.17E-05 
17948.1 1.78E-05 2.77E-05 1.44E-05 4.21E-05 
17948.15 1.72E-05 2.79E-05 1.46E-05 4.25E-05 
17948.2 1.66E-05 2.81E-05 1.47E-05 4.29E-05 
17948.25 1.60E-05 2.84E-05 1.49E-05 4.33E-05 
17948.3 1.54E-05 2.86E-05 1.50E-05 4.36E-05 
17948.35 1.49E-05 2.88E-05 1.52E-05 4.40E-05 
17948.4 1.43E-05 2.91E-05 1.53E-05 4.44E-05 
17948.45 1.38E-05 2.93E-05 1.55E-05 4.48E-05 
17948.5 1.33E-05 2.95E-05 1.56E-05 4.51E-05 
17948.55 1.27E-05 2.97E-05 1.58E-05 4.55E-05 
17948.6 1.23E-05 2.99E-05 1.59E-05 4.59E-05 
17948.65 1.18E-05 3.02E-05 1.61E-05 4.62E-05 
17948.7 1.13E-05 3.04E-05 1.62E-05 4.66E-05 
17948.75 1.09E-05 3.06E-05 1.64E-05 4.70E-05 
17948.8 1.04E-05 3.08E-05 1.65E-05 4.73E-05 
17948.85 1.00E-05 3.10E-05 1.67E-05 4.77E-05 
 211 
17948.9 9.61E-06 3.12E-05 1.69E-05 4.80E-05 
17948.95 9.22E-06 3.14E-05 1.70E-05 4.84E-05 
17949 8.84E-06 3.16E-05 1.72E-05 4.87E-05 
17949.05 8.48E-06 3.18E-05 1.73E-05 4.91E-05 
17949.1 8.14E-06 3.19E-05 1.75E-05 4.94E-05 
17949.15 7.81E-06 3.21E-05 1.77E-05 4.98E-05 
17949.2 7.49E-06 3.23E-05 1.78E-05 5.01E-05 
17949.25 7.19E-06 3.25E-05 1.80E-05 5.05E-05 
17949.3 6.91E-06 3.27E-05 1.82E-05 5.08E-05 
17949.35 6.64E-06 3.28E-05 1.83E-05 5.11E-05 
17949.4 6.39E-06 3.30E-05 1.85E-05 5.15E-05 
17949.45 6.15E-06 3.32E-05 1.86E-05 5.18E-05 
17949.5 5.94E-06 3.33E-05 1.88E-05 5.21E-05 
17949.55 5.73E-06 3.35E-05 1.90E-05 5.25E-05 
17949.6 5.55E-06 3.37E-05 1.91E-05 5.28E-05 
17949.65 5.38E-06 3.38E-05 1.93E-05 5.31E-05 
17949.7 5.22E-06 3.40E-05 1.95E-05 5.35E-05 
17949.75 5.09E-06 3.41E-05 1.97E-05 5.38E-05 
17949.8 4.97E-06 3.43E-05 1.98E-05 5.41E-05 
17949.85 4.86E-06 3.44E-05 2.00E-05 5.44E-05 
17949.9 4.78E-06 3.46E-05 2.02E-05 5.47E-05 
17949.95 4.71E-06 3.47E-05 2.03E-05 5.50E-05 
17950 4.66E-06 3.48E-05 2.05E-05 5.53E-05 
17950.05 4.63E-06 3.50E-05 2.07E-05 5.57E-05 
17950.1 4.61E-06 3.51E-05 2.09E-05 5.60E-05 
17950.15 4.61E-06 3.53E-05 2.10E-05 5.63E-05 
17950.2 4.63E-06 3.54E-05 2.12E-05 5.66E-05 
17950.25 4.67E-06 3.55E-05 2.14E-05 5.69E-05 
17950.3 4.73E-06 3.56E-05 2.15E-05 5.72E-05 
17950.35 4.80E-06 3.58E-05 2.17E-05 5.75E-05 
17950.4 4.89E-06 3.59E-05 2.19E-05 5.78E-05 
17950.45 5.00E-06 3.60E-05 2.21E-05 5.81E-05 
17950.5 5.13E-06 3.61E-05 2.22E-05 5.84E-05 
17950.55 5.28E-06 3.62E-05 2.24E-05 5.87E-05 
17950.6 5.45E-06 3.63E-05 2.26E-05 5.89E-05 
17950.65 5.63E-06 3.65E-05 2.28E-05 5.92E-05 
17950.7 5.84E-06 3.66E-05 2.29E-05 5.95E-05 
17950.75 6.06E-06 3.67E-05 2.31E-05 5.98E-05 
17950.8 6.31E-06 3.68E-05 2.33E-05 6.01E-05 
 212 
17950.85 6.57E-06 3.69E-05 2.35E-05 6.04E-05 
17950.9 6.85E-06 3.70E-05 2.37E-05 6.06E-05 
17950.95 7.15E-06 3.71E-05 2.38E-05 6.09E-05 
17951 7.47E-06 3.72E-05 2.40E-05 6.12E-05 
17951.05 7.82E-06 3.73E-05 2.42E-05 6.15E-05 
17951.1 8.18E-06 3.74E-05 2.44E-05 6.17E-05 
17951.15 8.56E-06 3.75E-05 2.45E-05 6.20E-05 
17951.2 8.96E-06 3.76E-05 2.47E-05 6.23E-05 
17951.25 9.38E-06 3.76E-05 2.49E-05 6.25E-05 
17951.3 9.83E-06 3.77E-05 2.51E-05 6.28E-05 
17951.35 1.03E-05 3.78E-05 2.52E-05 6.31E-05 
17951.4 1.08E-05 3.79E-05 2.54E-05 6.33E-05 
17951.45 1.13E-05 3.80E-05 2.56E-05 6.36E-05 
17951.5 1.18E-05 3.81E-05 2.58E-05 6.38E-05 
17951.55 1.24E-05 3.81E-05 2.60E-05 6.41E-05 
17951.6 1.29E-05 3.82E-05 2.61E-05 6.43E-05 
17951.65 1.35E-05 3.83E-05 2.63E-05 6.46E-05 
17951.7 1.41E-05 3.84E-05 2.65E-05 6.48E-05 
17951.75 1.48E-05 3.84E-05 2.67E-05 6.51E-05 
17951.8 1.54E-05 3.85E-05 2.68E-05 6.53E-05 
17951.85 1.61E-05 3.86E-05 2.70E-05 6.56E-05 
17951.9 1.68E-05 3.86E-05 2.72E-05 6.58E-05 
17951.95 1.75E-05 3.87E-05 2.74E-05 6.61E-05 
17952 1.82E-05 3.88E-05 2.75E-05 6.63E-05 
17952.05 1.90E-05 3.88E-05 2.77E-05 6.65E-05 
17952.1 1.98E-05 3.89E-05 2.79E-05 6.68E-05 
17952.15 2.06E-05 3.89E-05 2.81E-05 6.70E-05 
17952.2 2.14E-05 3.90E-05 2.83E-05 6.72E-05 
17952.25 2.23E-05 3.91E-05 2.84E-05 6.75E-05 
17952.3 2.32E-05 3.91E-05 2.86E-05 6.77E-05 
17952.35 2.41E-05 3.92E-05 2.88E-05 6.79E-05 
17952.4 2.50E-05 3.92E-05 2.89E-05 6.82E-05 
17952.45 2.59E-05 3.93E-05 2.91E-05 6.84E-05 
17952.5 2.69E-05 3.93E-05 2.93E-05 6.86E-05 
17952.55 2.79E-05 3.94E-05 2.95E-05 6.88E-05 
17952.6 2.89E-05 3.94E-05 2.96E-05 6.91E-05 
17952.65 3.00E-05 3.95E-05 2.98E-05 6.93E-05 
17952.7 3.10E-05 3.95E-05 3.00E-05 6.95E-05 
17952.75 3.21E-05 3.96E-05 3.02E-05 6.97E-05 
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17952.8 3.32E-05 3.96E-05 3.03E-05 6.99E-05 
17952.85 3.44E-05 3.96E-05 3.05E-05 7.01E-05 
17952.9 3.55E-05 3.97E-05 3.07E-05 7.03E-05 
17952.95 3.67E-05 3.97E-05 3.08E-05 7.06E-05 
17953 3.79E-05 3.98E-05 3.10E-05 7.08E-05 
17953.05 3.92E-05 3.98E-05 3.12E-05 7.10E-05 
17953.1 4.04E-05 3.98E-05 3.13E-05 7.12E-05 
17953.15 4.17E-05 3.99E-05 3.15E-05 7.14E-05 
17953.2 4.30E-05 3.99E-05 3.17E-05 7.16E-05 
17953.25 4.43E-05 3.99E-05 3.18E-05 7.18E-05 
17953.3 4.57E-05 4.00E-05 3.20E-05 7.20E-05 
17953.35 4.70E-05 4.00E-05 3.22E-05 7.22E-05 
17953.4 4.84E-05 4.00E-05 3.23E-05 7.24E-05 
17953.45 4.98E-05 4.01E-05 3.25E-05 7.26E-05 
17953.5 5.12E-05 4.01E-05 3.27E-05 7.28E-05 
17953.55 5.27E-05 4.01E-05 3.28E-05 7.30E-05 
17953.6 5.41E-05 4.02E-05 3.30E-05 7.31E-05 
17953.65 5.56E-05 4.02E-05 3.32E-05 7.33E-05 
17953.7 5.71E-05 4.02E-05 3.33E-05 7.35E-05 
17953.75 5.86E-05 4.02E-05 3.35E-05 7.37E-05 
17953.8 6.01E-05 4.03E-05 3.36E-05 7.39E-05 
17953.85 6.17E-05 4.03E-05 3.38E-05 7.41E-05 
17953.9 6.32E-05 4.03E-05 3.39E-05 7.43E-05 
17953.95 6.48E-05 4.03E-05 3.41E-05 7.44E-05 
17954 6.63E-05 4.04E-05 3.43E-05 7.46E-05 
17954.05 6.79E-05 4.04E-05 3.44E-05 7.48E-05 
17954.1 6.95E-05 4.04E-05 3.46E-05 7.50E-05 
17954.15 7.11E-05 4.04E-05 3.47E-05 7.52E-05 
17954.2 7.28E-05 4.05E-05 3.49E-05 7.53E-05 
17954.25 7.44E-05 4.05E-05 3.50E-05 7.55E-05 
17954.3 7.60E-05 4.05E-05 3.52E-05 7.57E-05 
17954.35 7.77E-05 4.05E-05 3.53E-05 7.58E-05 
17954.4 7.93E-05 4.05E-05 3.55E-05 7.60E-05 
17954.45 8.10E-05 4.06E-05 3.56E-05 7.62E-05 
17954.5 8.26E-05 4.06E-05 3.58E-05 7.63E-05 
17954.55 8.43E-05 4.06E-05 3.59E-05 7.65E-05 
17954.6 8.60E-05 4.06E-05 3.61E-05 7.67E-05 
17954.65 8.77E-05 4.06E-05 3.62E-05 7.68E-05 
17954.7 8.94E-05 4.07E-05 3.63E-05 7.70E-05 
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17954.75 9.11E-05 4.07E-05 3.65E-05 7.72E-05 
17954.8 9.28E-05 4.07E-05 3.66E-05 7.73E-05 
17954.85 9.45E-05 4.07E-05 3.68E-05 7.75E-05 
17954.9 9.62E-05 4.07E-05 3.69E-05 7.76E-05 
17954.95 9.79E-05 4.07E-05 3.70E-05 7.78E-05 
17955 9.96E-05 4.08E-05 3.72E-05 7.79E-05 
17955.05 1.01E-04 4.08E-05 3.73E-05 7.81E-05 
17955.1 1.03E-04 4.08E-05 3.74E-05 7.82E-05 
17955.15 1.05E-04 4.08E-05 3.76E-05 7.84E-05 
17955.2 1.06E-04 4.08E-05 3.77E-05 7.85E-05 
17955.25 1.08E-04 4.09E-05 3.78E-05 7.87E-05 
17955.3 1.10E-04 4.09E-05 3.80E-05 7.88E-05 
17955.35 1.12E-04 4.09E-05 3.81E-05 7.90E-05 
17955.4 1.13E-04 4.09E-05 3.82E-05 7.91E-05 
17955.45 1.15E-04 4.09E-05 3.83E-05 7.93E-05 
17955.5 1.17E-04 4.09E-05 3.85E-05 7.94E-05 
17955.55 1.18E-04 4.10E-05 3.86E-05 7.95E-05 
17955.6 1.20E-04 4.10E-05 3.87E-05 7.97E-05 
17955.65 1.22E-04 4.10E-05 3.88E-05 7.98E-05 
17955.7 1.23E-04 4.10E-05 3.89E-05 7.99E-05 
17955.75 1.25E-04 4.10E-05 3.90E-05 8.01E-05 
17955.8 1.27E-04 4.11E-05 3.92E-05 8.02E-05 
17955.85 1.28E-04 4.11E-05 3.93E-05 8.03E-05 
17955.9 1.30E-04 4.11E-05 3.94E-05 8.05E-05 
17955.95 1.31E-04 4.11E-05 3.95E-05 8.06E-05 
17956 1.33E-04 4.11E-05 3.96E-05 8.07E-05 
17956.05 1.35E-04 4.12E-05 3.97E-05 8.09E-05 
17956.1 1.36E-04 4.12E-05 3.98E-05 8.10E-05 
17956.15 1.38E-04 4.12E-05 3.99E-05 8.11E-05 
17956.2 1.39E-04 4.12E-05 4.00E-05 8.13E-05 
17956.25 1.41E-04 4.12E-05 4.01E-05 8.14E-05 
17956.3 1.42E-04 4.13E-05 4.02E-05 8.15E-05 
17956.35 1.44E-04 4.13E-05 4.03E-05 8.16E-05 
17956.4 1.45E-04 4.13E-05 4.04E-05 8.17E-05 
17956.45 1.47E-04 4.13E-05 4.05E-05 8.19E-05 
17956.5 1.48E-04 4.14E-05 4.06E-05 8.20E-05 
17956.55 1.50E-04 4.14E-05 4.07E-05 8.21E-05 
17956.6 1.51E-04 4.14E-05 4.08E-05 8.22E-05 
17956.65 1.53E-04 4.15E-05 4.09E-05 8.23E-05 
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17956.7 1.54E-04 4.15E-05 4.10E-05 8.24E-05 
17956.75 1.55E-04 4.15E-05 4.11E-05 8.26E-05 
17956.8 1.57E-04 4.15E-05 4.11E-05 8.27E-05 
17956.85 1.58E-04 4.16E-05 4.12E-05 8.28E-05 
17956.9 1.59E-04 4.16E-05 4.13E-05 8.29E-05 
17956.95 1.61E-04 4.16E-05 4.14E-05 8.30E-05 
17957 1.62E-04 4.17E-05 4.14E-05 8.31E-05 
17957.05 1.63E-04 4.17E-05 4.15E-05 8.32E-05 
17957.1 1.65E-04 4.17E-05 4.16E-05 8.33E-05 
17957.15 1.66E-04 4.18E-05 4.17E-05 8.34E-05 
17957.2 1.67E-04 4.18E-05 4.17E-05 8.35E-05 
17957.25 1.68E-04 4.18E-05 4.18E-05 8.36E-05 
17957.3 1.69E-04 4.19E-05 4.19E-05 8.38E-05 
17957.35 1.70E-04 4.19E-05 4.19E-05 8.39E-05 
17957.4 1.71E-04 4.20E-05 4.20E-05 8.40E-05 
17957.45 1.72E-04 4.20E-05 4.20E-05 8.41E-05 
17957.5 1.73E-04 4.21E-05 4.21E-05 8.42E-05 
17957.55 1.74E-04 4.21E-05 4.22E-05 8.43E-05 
17957.6 1.75E-04 4.21E-05 4.22E-05 8.44E-05 
17957.65 1.76E-04 4.22E-05 4.23E-05 8.45E-05 
17957.7 1.77E-04 4.22E-05 4.23E-05 8.45E-05 
17957.75 1.78E-04 4.23E-05 4.24E-05 8.46E-05 
17957.8 1.79E-04 4.23E-05 4.24E-05 8.47E-05 
17957.85 1.80E-04 4.24E-05 4.25E-05 8.48E-05 
17957.9 1.81E-04 4.24E-05 4.25E-05 8.49E-05 
17957.95 1.81E-04 4.25E-05 4.25E-05 8.50E-05 
17958 1.82E-04 4.25E-05 4.26E-05 8.51E-05 
17958.05 1.83E-04 4.26E-05 4.26E-05 8.52E-05 
17958.1 1.83E-04 4.27E-05 4.26E-05 8.53E-05 
17958.15 1.84E-04 4.27E-05 4.27E-05 8.54E-05 
17958.2 1.85E-04 4.28E-05 4.27E-05 8.55E-05 
17958.25 1.85E-04 4.28E-05 4.27E-05 8.56E-05 
17958.3 1.86E-04 4.29E-05 4.27E-05 8.56E-05 
17958.35 1.86E-04 4.30E-05 4.28E-05 8.57E-05 
17958.4 1.86E-04 4.30E-05 4.28E-05 8.58E-05 
17958.45 1.87E-04 4.31E-05 4.28E-05 8.59E-05 
17958.5 1.87E-04 4.32E-05 4.28E-05 8.60E-05 
17958.55 1.88E-04 4.32E-05 4.28E-05 8.61E-05 
17958.6 1.88E-04 4.33E-05 4.28E-05 8.61E-05 
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17958.65 1.88E-04 4.34E-05 4.29E-05 8.62E-05 
17958.7 1.88E-04 4.35E-05 4.29E-05 8.63E-05 
17958.75 1.88E-04 4.35E-05 4.29E-05 8.64E-05 
17958.8 1.88E-04 4.36E-05 4.29E-05 8.65E-05 
17958.85 1.88E-04 4.37E-05 4.29E-05 8.66E-05 
17958.9 1.88E-04 4.38E-05 4.29E-05 8.66E-05 
17958.95 1.88E-04 4.38E-05 4.29E-05 8.67E-05 
17959 1.88E-04 4.39E-05 4.29E-05 8.68E-05 
17959.05 1.88E-04 4.40E-05 4.29E-05 8.69E-05 
17959.1 1.88E-04 4.41E-05 4.29E-05 8.69E-05 
17959.15 1.88E-04 4.42E-05 4.28E-05 8.70E-05 
17959.2 1.88E-04 4.43E-05 4.28E-05 8.71E-05 
17959.25 1.87E-04 4.44E-05 4.28E-05 8.72E-05 
17959.3 1.87E-04 4.45E-05 4.28E-05 8.73E-05 
17959.35 1.86E-04 4.45E-05 4.28E-05 8.73E-05 
17959.4 1.86E-04 4.46E-05 4.28E-05 8.74E-05 
17959.45 1.86E-04 4.47E-05 4.28E-05 8.75E-05 
17959.5 1.85E-04 4.48E-05 4.27E-05 8.76E-05 
17959.55 1.84E-04 4.49E-05 4.27E-05 8.76E-05 
17959.6 1.84E-04 4.50E-05 4.27E-05 8.77E-05 
17959.65 1.83E-04 4.51E-05 4.27E-05 8.78E-05 
17959.7 1.82E-04 4.52E-05 4.26E-05 8.79E-05 
17959.75 1.81E-04 4.53E-05 4.26E-05 8.80E-05 
17959.8 1.80E-04 4.55E-05 4.26E-05 8.80E-05 
17959.85 1.80E-04 4.56E-05 4.25E-05 8.81E-05 
17959.9 1.79E-04 4.57E-05 4.25E-05 8.82E-05 
17959.95 1.77E-04 4.58E-05 4.25E-05 8.83E-05 
17960 1.76E-04 4.59E-05 4.24E-05 8.83E-05 
17960.05 1.75E-04 4.60E-05 4.24E-05 8.84E-05 
17960.1 1.74E-04 4.61E-05 4.24E-05 8.85E-05 
17960.15 1.73E-04 4.63E-05 4.23E-05 8.86E-05 
17960.2 1.71E-04 4.64E-05 4.23E-05 8.87E-05 
17960.25 1.70E-04 4.65E-05 4.22E-05 8.87E-05 
17960.3 1.69E-04 4.66E-05 4.22E-05 8.88E-05 
17960.35 1.67E-04 4.67E-05 4.22E-05 8.89E-05 
17960.4 1.65E-04 4.69E-05 4.21E-05 8.90E-05 
17960.45 1.64E-04 4.70E-05 4.21E-05 8.91E-05 
17960.5 1.62E-04 4.71E-05 4.20E-05 8.91E-05 
17960.55 1.60E-04 4.73E-05 4.20E-05 8.92E-05 
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17960.6 1.58E-04 4.74E-05 4.19E-05 8.93E-05 
17960.65 1.57E-04 4.75E-05 4.19E-05 8.94E-05 
17960.7 1.55E-04 4.77E-05 4.18E-05 8.95E-05 
17960.75 1.53E-04 4.78E-05 4.17E-05 8.95E-05 
17960.8 1.51E-04 4.79E-05 4.17E-05 8.96E-05 
17960.85 1.49E-04 4.81E-05 4.16E-05 8.97E-05 
17960.9 1.46E-04 4.82E-05 4.16E-05 8.98E-05 
17960.95 1.44E-04 4.84E-05 4.15E-05 8.99E-05 
17961 1.42E-04 4.85E-05 4.15E-05 9.00E-05 
17961.05 1.40E-04 4.87E-05 4.14E-05 9.01E-05 
17961.1 1.37E-04 4.88E-05 4.13E-05 9.02E-05 
17961.15 1.35E-04 4.90E-05 4.13E-05 9.02E-05 
17961.2 1.32E-04 4.91E-05 4.12E-05 9.03E-05 
17961.25 1.30E-04 4.93E-05 4.11E-05 9.04E-05 
17961.3 1.27E-04 4.94E-05 4.11E-05 9.05E-05 
17961.35 1.25E-04 4.96E-05 4.10E-05 9.06E-05 
17961.4 1.22E-04 4.98E-05 4.09E-05 9.07E-05 
17961.45 1.20E-04 4.99E-05 4.09E-05 9.08E-05 
17961.5 1.17E-04 5.01E-05 4.08E-05 9.09E-05 
17961.55 1.14E-04 5.03E-05 4.07E-05 9.10E-05 
17961.6 1.11E-04 5.04E-05 4.07E-05 9.11E-05 
17961.65 1.09E-04 5.06E-05 4.06E-05 9.12E-05 
17961.7 1.06E-04 5.08E-05 4.05E-05 9.13E-05 
17961.75 1.03E-04 5.09E-05 4.04E-05 9.14E-05 
17961.8 1.00E-04 5.11E-05 4.04E-05 9.15E-05 
17961.85 9.72E-05 5.13E-05 4.03E-05 9.16E-05 
17961.9 9.42E-05 5.15E-05 4.02E-05 9.17E-05 
17961.95 9.12E-05 5.16E-05 4.02E-05 9.18E-05 
17962 8.82E-05 5.18E-05 4.01E-05 9.19E-05 
17962.05 8.52E-05 5.20E-05 4.00E-05 9.20E-05 
17962.1 8.21E-05 5.22E-05 3.99E-05 9.21E-05 
17962.15 7.90E-05 5.24E-05 3.98E-05 9.22E-05 
17962.2 7.59E-05 5.26E-05 3.98E-05 9.23E-05 
17962.25 7.28E-05 5.28E-05 3.97E-05 9.25E-05 
17962.3 6.96E-05 5.30E-05 3.96E-05 9.26E-05 
17962.35 6.65E-05 5.32E-05 3.95E-05 9.27E-05 
17962.4 6.33E-05 5.34E-05 3.94E-05 9.28E-05 
17962.45 6.01E-05 5.36E-05 3.94E-05 9.29E-05 
17962.5 5.68E-05 5.38E-05 3.93E-05 9.31E-05 
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17962.55 5.36E-05 5.40E-05 3.92E-05 9.32E-05 
17962.6 5.03E-05 5.42E-05 3.91E-05 9.33E-05 
17962.65 4.71E-05 5.44E-05 3.90E-05 9.34E-05 
17962.7 4.38E-05 5.46E-05 3.90E-05 9.35E-05 
17962.75 4.05E-05 5.48E-05 3.89E-05 9.37E-05 
17962.8 3.72E-05 5.50E-05 3.88E-05 9.38E-05 
17962.85 3.39E-05 5.52E-05 3.87E-05 9.39E-05 
17962.9 3.06E-05 5.55E-05 3.86E-05 9.41E-05 
17962.95 2.72E-05 5.57E-05 3.85E-05 9.42E-05 
17963 2.39E-05 5.59E-05 3.85E-05 9.43E-05 
17963.05 2.06E-05 5.61E-05 3.84E-05 9.45E-05 
17963.1 1.72E-05 5.63E-05 3.83E-05 9.46E-05 
17963.15 1.39E-05 5.66E-05 3.82E-05 9.48E-05 
17963.2 1.06E-05 5.68E-05 3.81E-05 9.49E-05 
17963.25 7.21E-06 5.70E-05 3.80E-05 9.51E-05 
17963.3 3.87E-06 5.73E-05 3.79E-05 9.52E-05 
17963.35 5.34E-07 5.75E-05 3.79E-05 9.54E-05 
17963.4 -2.80E-06 5.77E-05 3.78E-05 9.55E-05 
17963.45 -6.13E-06 5.80E-05 3.77E-05 9.57E-05 
17963.5 -9.45E-06 5.82E-05 3.76E-05 9.58E-05 
17963.55 -1.28E-05 5.85E-05 3.75E-05 9.60E-05 
17963.6 -1.61E-05 5.87E-05 3.74E-05 9.61E-05 
17963.65 -1.94E-05 5.90E-05 3.73E-05 9.63E-05 
17963.7 -2.27E-05 5.92E-05 3.73E-05 9.65E-05 
17963.75 -2.59E-05 5.95E-05 3.72E-05 9.66E-05 
17963.8 -2.92E-05 5.97E-05 3.71E-05 9.68E-05 
17963.85 -3.25E-05 6.00E-05 3.70E-05 9.70E-05 
17963.9 -3.57E-05 6.02E-05 3.69E-05 9.72E-05 
17963.95 -3.89E-05 6.05E-05 3.68E-05 9.73E-05 
17964 -4.21E-05 6.08E-05 3.67E-05 9.75E-05 
17964.05 -4.53E-05 6.10E-05 3.67E-05 9.77E-05 
17964.1 -4.85E-05 6.13E-05 3.66E-05 9.79E-05 
17964.15 -5.16E-05 6.16E-05 3.65E-05 9.81E-05 
17964.2 -5.48E-05 6.18E-05 3.64E-05 9.82E-05 
17964.25 -5.79E-05 6.21E-05 3.63E-05 9.84E-05 
17964.3 -6.09E-05 6.24E-05 3.62E-05 9.86E-05 
17964.35 -6.40E-05 6.27E-05 3.62E-05 9.88E-05 
17964.4 -6.70E-05 6.29E-05 3.61E-05 9.90E-05 
17964.45 -7.00E-05 6.32E-05 3.60E-05 9.92E-05 
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17964.5 -7.30E-05 6.35E-05 3.59E-05 9.94E-05 
17964.55 -7.60E-05 6.38E-05 3.58E-05 9.96E-05 
17964.6 -7.89E-05 6.41E-05 3.58E-05 9.98E-05 
17964.65 -8.18E-05 6.44E-05 3.57E-05 1.00E-04 
17964.7 -8.46E-05 6.47E-05 3.56E-05 1.00E-04 
17964.75 -8.74E-05 6.50E-05 3.55E-05 1.00E-04 
17964.8 -9.02E-05 6.53E-05 3.54E-05 1.01E-04 
17964.85 -9.30E-05 6.56E-05 3.54E-05 1.01E-04 
17964.9 -9.57E-05 6.59E-05 3.53E-05 1.01E-04 
17964.95 -9.84E-05 6.62E-05 3.52E-05 1.01E-04 
17965 -1.01E-04 6.65E-05 3.51E-05 1.02E-04 
17965.05 -1.04E-04 6.68E-05 3.50E-05 1.02E-04 
17965.1 -1.06E-04 6.71E-05 3.50E-05 1.02E-04 
17965.15 -1.09E-04 6.74E-05 3.49E-05 1.02E-04 
17965.2 -1.11E-04 6.77E-05 3.48E-05 1.03E-04 
17965.25 -1.14E-04 6.81E-05 3.48E-05 1.03E-04 
17965.3 -1.16E-04 6.84E-05 3.47E-05 1.03E-04 
17965.35 -1.18E-04 6.87E-05 3.46E-05 1.03E-04 
17965.4 -1.21E-04 6.90E-05 3.45E-05 1.04E-04 
17965.45 -1.23E-04 6.94E-05 3.45E-05 1.04E-04 
17965.5 -1.25E-04 6.97E-05 3.44E-05 1.04E-04 
17965.55 -1.27E-04 7.00E-05 3.43E-05 1.04E-04 
17965.6 -1.29E-04 7.04E-05 3.43E-05 1.05E-04 
17965.65 -1.31E-04 7.07E-05 3.42E-05 1.05E-04 
17965.7 -1.33E-04 7.10E-05 3.41E-05 1.05E-04 
17965.75 -1.35E-04 7.14E-05 3.41E-05 1.05E-04 
17965.8 -1.37E-04 7.17E-05 3.40E-05 1.06E-04 
17965.85 -1.39E-04 7.21E-05 3.39E-05 1.06E-04 
17965.9 -1.41E-04 7.24E-05 3.39E-05 1.06E-04 
17965.95 -1.42E-04 7.28E-05 3.38E-05 1.07E-04 
17966 -1.44E-04 7.31E-05 3.37E-05 1.07E-04 
17966.05 -1.45E-04 7.35E-05 3.37E-05 1.07E-04 
17966.1 -1.47E-04 7.38E-05 3.36E-05 1.07E-04 
17966.15 -1.48E-04 7.42E-05 3.36E-05 1.08E-04 
17966.2 -1.50E-04 7.46E-05 3.35E-05 1.08E-04 
17966.25 -1.51E-04 7.49E-05 3.35E-05 1.08E-04 
17966.3 -1.52E-04 7.53E-05 3.34E-05 1.09E-04 
17966.35 -1.53E-04 7.57E-05 3.33E-05 1.09E-04 
17966.4 -1.54E-04 7.60E-05 3.33E-05 1.09E-04 
 220 
17966.45 -1.55E-04 7.64E-05 3.32E-05 1.10E-04 
17966.5 -1.56E-04 7.68E-05 3.32E-05 1.10E-04 
17966.55 -1.57E-04 7.72E-05 3.31E-05 1.10E-04 
17966.6 -1.58E-04 7.76E-05 3.31E-05 1.11E-04 
17966.65 -1.59E-04 7.79E-05 3.31E-05 1.11E-04 
17966.7 -1.59E-04 7.83E-05 3.30E-05 1.11E-04 
17966.75 -1.60E-04 7.87E-05 3.30E-05 1.12E-04 
17966.8 -1.61E-04 7.91E-05 3.29E-05 1.12E-04 
17966.85 -1.61E-04 7.95E-05 3.29E-05 1.12E-04 
17966.9 -1.61E-04 7.99E-05 3.28E-05 1.13E-04 
17966.95 -1.62E-04 8.03E-05 3.28E-05 1.13E-04 
17967 -1.62E-04 8.07E-05 3.28E-05 1.13E-04 
17967.05 -1.62E-04 8.11E-05 3.27E-05 1.14E-04 
17967.1 -1.62E-04 8.15E-05 3.27E-05 1.14E-04 
17967.15 -1.62E-04 8.19E-05 3.27E-05 1.15E-04 
17967.2 -1.62E-04 8.23E-05 3.26E-05 1.15E-04 
17967.25 -1.61E-04 8.28E-05 3.26E-05 1.15E-04 
17967.3 -1.61E-04 8.32E-05 3.26E-05 1.16E-04 
17967.35 -1.60E-04 8.36E-05 3.25E-05 1.16E-04 
17967.4 -1.60E-04 8.40E-05 3.25E-05 1.17E-04 
17967.45 -1.59E-04 8.45E-05 3.25E-05 1.17E-04 
17967.5 -1.59E-04 8.49E-05 3.25E-05 1.17E-04 
17967.55 -1.58E-04 8.53E-05 3.25E-05 1.18E-04 
17967.6 -1.57E-04 8.57E-05 3.24E-05 1.18E-04 
17967.65 -1.56E-04 8.62E-05 3.24E-05 1.19E-04 
17967.7 -1.55E-04 8.66E-05 3.24E-05 1.19E-04 
17967.75 -1.53E-04 8.71E-05 3.24E-05 1.19E-04 
17967.8 -1.52E-04 8.75E-05 3.24E-05 1.20E-04 
17967.85 -1.51E-04 8.80E-05 3.24E-05 1.20E-04 
17967.9 -1.49E-04 8.84E-05 3.24E-05 1.21E-04 
17967.95 -1.48E-04 8.89E-05 3.24E-05 1.21E-04 
17968 -1.46E-04 8.93E-05 3.24E-05 1.22E-04 
17968.05 -1.44E-04 8.98E-05 3.23E-05 1.22E-04 
17968.1 -1.42E-04 9.02E-05 3.23E-05 1.23E-04 
17968.15 -1.40E-04 9.07E-05 3.23E-05 1.23E-04 
17968.2 -1.38E-04 9.12E-05 3.23E-05 1.24E-04 
17968.25 -1.36E-04 9.16E-05 3.24E-05 1.24E-04 
17968.3 -1.33E-04 9.21E-05 3.24E-05 1.24E-04 
17968.35 -1.31E-04 9.26E-05 3.24E-05 1.25E-04 
 221 
17968.4 -1.29E-04 9.31E-05 3.24E-05 1.25E-04 
17968.45 -1.26E-04 9.35E-05 3.24E-05 1.26E-04 
17968.5 -1.23E-04 9.40E-05 3.24E-05 1.26E-04 
17968.55 -1.21E-04 9.45E-05 3.24E-05 1.27E-04 
17968.6 -1.18E-04 9.50E-05 3.24E-05 1.27E-04 
17968.65 -1.15E-04 9.55E-05 3.25E-05 1.28E-04 
17968.7 -1.12E-04 9.60E-05 3.25E-05 1.28E-04 
17968.75 -1.09E-04 9.65E-05 3.25E-05 1.29E-04 
17968.8 -1.06E-04 9.69E-05 3.25E-05 1.29E-04 
17968.85 -1.03E-04 9.74E-05 3.25E-05 1.30E-04 
17968.9 -9.98E-05 9.79E-05 3.26E-05 1.31E-04 
17968.95 -9.66E-05 9.84E-05 3.26E-05 1.31E-04 
17969 -9.33E-05 9.90E-05 3.26E-05 1.32E-04 
17969.05 -9.00E-05 9.95E-05 3.27E-05 1.32E-04 
17969.1 -8.66E-05 1.00E-04 3.27E-05 1.33E-04 
17969.15 -8.32E-05 1.00E-04 3.27E-05 1.33E-04 
17969.2 -7.97E-05 1.01E-04 3.28E-05 1.34E-04 
17969.25 -7.62E-05 1.01E-04 3.28E-05 1.34E-04 
17969.3 -7.26E-05 1.02E-04 3.29E-05 1.35E-04 
17969.35 -6.90E-05 1.03E-04 3.29E-05 1.35E-04 
17969.4 -6.54E-05 1.03E-04 3.29E-05 1.36E-04 
17969.45 -6.18E-05 1.04E-04 3.30E-05 1.37E-04 
17969.5 -5.81E-05 1.04E-04 3.30E-05 1.37E-04 
17969.55 -5.44E-05 1.05E-04 3.31E-05 1.38E-04 
17969.6 -5.06E-05 1.05E-04 3.31E-05 1.38E-04 
17969.65 -4.69E-05 1.06E-04 3.32E-05 1.39E-04 
17969.7 -4.31E-05 1.06E-04 3.32E-05 1.39E-04 
17969.75 -3.93E-05 1.07E-04 3.33E-05 1.40E-04 
17969.8 -3.55E-05 1.07E-04 3.34E-05 1.41E-04 
17969.85 -3.17E-05 1.08E-04 3.34E-05 1.41E-04 
17969.9 -2.78E-05 1.08E-04 3.35E-05 1.42E-04 
17969.95 -2.40E-05 1.09E-04 3.35E-05 1.42E-04 
17970 -2.02E-05 1.09E-04 3.36E-05 1.43E-04 
17970.05 -1.63E-05 1.10E-04 3.37E-05 1.44E-04 
17970.1 -1.25E-05 1.10E-04 3.37E-05 1.44E-04 
17970.15 -8.63E-06 1.11E-04 3.38E-05 1.45E-04 
17970.2 -4.79E-06 1.12E-04 3.39E-05 1.45E-04 
17970.25 -9.58E-07 1.12E-04 3.39E-05 1.46E-04 
17970.3 2.86E-06 1.13E-04 3.40E-05 1.47E-04 
 222 
17970.35 6.67E-06 1.13E-04 3.41E-05 1.47E-04 
17970.4 1.05E-05 1.14E-04 3.42E-05 1.48E-04 
17970.45 1.42E-05 1.14E-04 3.42E-05 1.49E-04 
17970.5 1.80E-05 1.15E-04 3.43E-05 1.49E-04 
17970.55 2.17E-05 1.15E-04 3.44E-05 1.50E-04 
17970.6 2.54E-05 1.16E-04 3.45E-05 1.50E-04 
17970.65 2.91E-05 1.17E-04 3.46E-05 1.51E-04 
17970.7 3.28E-05 1.17E-04 3.47E-05 1.52E-04 
17970.75 3.64E-05 1.18E-04 3.47E-05 1.52E-04 
17970.8 4.00E-05 1.18E-04 3.48E-05 1.53E-04 
17970.85 4.35E-05 1.19E-04 3.49E-05 1.54E-04 
17970.9 4.71E-05 1.19E-04 3.50E-05 1.54E-04 
17970.95 5.05E-05 1.20E-04 3.51E-05 1.55E-04 
17971 5.39E-05 1.20E-04 3.52E-05 1.56E-04 
17971.05 5.73E-05 1.21E-04 3.53E-05 1.56E-04 
17971.1 6.07E-05 1.22E-04 3.54E-05 1.57E-04 
17971.15 6.39E-05 1.22E-04 3.55E-05 1.58E-04 
17971.2 6.71E-05 1.23E-04 3.56E-05 1.58E-04 
17971.25 7.03E-05 1.23E-04 3.57E-05 1.59E-04 
17971.3 7.34E-05 1.24E-04 3.58E-05 1.60E-04 
17971.35 7.65E-05 1.24E-04 3.59E-05 1.60E-04 
17971.4 7.94E-05 1.25E-04 3.60E-05 1.61E-04 
17971.45 8.24E-05 1.25E-04 3.61E-05 1.62E-04 
17971.5 8.52E-05 1.26E-04 3.62E-05 1.62E-04 
17971.55 8.80E-05 1.27E-04 3.63E-05 1.63E-04 
17971.6 9.07E-05 1.27E-04 3.64E-05 1.64E-04 
17971.65 9.33E-05 1.28E-04 3.66E-05 1.64E-04 
17971.7 9.59E-05 1.28E-04 3.67E-05 1.65E-04 
17971.75 9.83E-05 1.29E-04 3.68E-05 1.66E-04 
17971.8 1.01E-04 1.29E-04 3.69E-05 1.66E-04 
17971.85 1.03E-04 1.30E-04 3.70E-05 1.67E-04 
17971.9 1.05E-04 1.31E-04 3.71E-05 1.68E-04 
17971.95 1.07E-04 1.31E-04 3.73E-05 1.68E-04 
17972 1.09E-04 1.32E-04 3.74E-05 1.69E-04 
17972.05 1.11E-04 1.32E-04 3.75E-05 1.70E-04 
17972.1 1.13E-04 1.33E-04 3.76E-05 1.70E-04 
17972.15 1.15E-04 1.33E-04 3.78E-05 1.71E-04 
17972.2 1.16E-04 1.34E-04 3.79E-05 1.72E-04 
17972.25 1.18E-04 1.34E-04 3.80E-05 1.72E-04 
 223 
17972.3 1.19E-04 1.35E-04 3.81E-05 1.73E-04 
17972.35 1.21E-04 1.36E-04 3.83E-05 1.74E-04 
17972.4 1.22E-04 1.36E-04 3.84E-05 1.75E-04 
17972.45 1.23E-04 1.37E-04 3.85E-05 1.75E-04 
17972.5 1.24E-04 1.37E-04 3.87E-05 1.76E-04 
17972.55 1.25E-04 1.38E-04 3.88E-05 1.77E-04 
17972.6 1.25E-04 1.38E-04 3.90E-05 1.77E-04 
17972.65 1.26E-04 1.39E-04 3.91E-05 1.78E-04 
17972.7 1.26E-04 1.40E-04 3.92E-05 1.79E-04 
17972.75 1.27E-04 1.40E-04 3.94E-05 1.79E-04 
17972.8 1.27E-04 1.41E-04 3.95E-05 1.80E-04 
17972.85 1.27E-04 1.41E-04 3.97E-05 1.81E-04 
17972.9 1.27E-04 1.42E-04 3.98E-05 1.82E-04 
17972.95 1.27E-04 1.42E-04 3.99E-05 1.82E-04 
17973 1.26E-04 1.43E-04 4.01E-05 1.83E-04 
17973.05 1.26E-04 1.43E-04 4.02E-05 1.84E-04 
17973.1 1.25E-04 1.44E-04 4.04E-05 1.84E-04 
17973.15 1.24E-04 1.45E-04 4.05E-05 1.85E-04 
17973.2 1.23E-04 1.45E-04 4.07E-05 1.86E-04 
17973.25 1.22E-04 1.46E-04 4.08E-05 1.87E-04 
17973.3 1.21E-04 1.46E-04 4.10E-05 1.87E-04 
17973.35 1.20E-04 1.47E-04 4.12E-05 1.88E-04 
17973.4 1.18E-04 1.47E-04 4.13E-05 1.89E-04 
17973.45 1.16E-04 1.48E-04 4.15E-05 1.89E-04 
17973.5 1.14E-04 1.48E-04 4.16E-05 1.90E-04 
17973.55 1.12E-04 1.49E-04 4.18E-05 1.91E-04 
17973.6 1.10E-04 1.50E-04 4.19E-05 1.91E-04 
17973.65 1.08E-04 1.50E-04 4.21E-05 1.92E-04 
17973.7 1.05E-04 1.51E-04 4.23E-05 1.93E-04 
17973.75 1.02E-04 1.51E-04 4.24E-05 1.94E-04 
17973.8 9.91E-05 1.52E-04 4.26E-05 1.94E-04 
17973.85 9.60E-05 1.52E-04 4.28E-05 1.95E-04 
17973.9 9.26E-05 1.53E-04 4.29E-05 1.96E-04 
17973.95 8.91E-05 1.53E-04 4.31E-05 1.96E-04 
17974 8.53E-05 1.54E-04 4.33E-05 1.97E-04 
17974.05 8.14E-05 1.54E-04 4.34E-05 1.98E-04 
17974.1 7.73E-05 1.55E-04 4.36E-05 1.99E-04 
17974.15 7.30E-05 1.55E-04 4.38E-05 1.99E-04 
17974.2 6.84E-05 1.56E-04 4.39E-05 2.00E-04 
 224 
17974.25 6.37E-05 1.57E-04 4.41E-05 2.01E-04 
17974.3 5.88E-05 1.57E-04 4.43E-05 2.01E-04 
17974.35 5.36E-05 1.58E-04 4.45E-05 2.02E-04 
17974.4 4.83E-05 1.58E-04 4.47E-05 2.03E-04 
17974.45 4.27E-05 1.59E-04 4.48E-05 2.03E-04 
17974.5 3.69E-05 1.59E-04 4.50E-05 2.04E-04 
17974.55 3.09E-05 1.60E-04 4.52E-05 2.05E-04 
17974.6 2.47E-05 1.60E-04 4.54E-05 2.06E-04 
17974.65 1.82E-05 1.61E-04 4.56E-05 2.06E-04 
17974.7 1.16E-05 1.61E-04 4.57E-05 2.07E-04 
17974.75 4.65E-06 1.62E-04 4.59E-05 2.08E-04 
17974.8 -2.49E-06 1.62E-04 4.61E-05 2.08E-04 
17974.85 -9.86E-06 1.63E-04 4.63E-05 2.09E-04 
17974.9 -1.75E-05 1.63E-04 4.65E-05 2.10E-04 
17974.95 -2.53E-05 1.64E-04 4.67E-05 2.10E-04 
17975 -3.34E-05 1.64E-04 4.68E-05 2.11E-04 
17975.05 -4.17E-05 1.65E-04 4.70E-05 2.12E-04 
17975.1 -5.03E-05 1.65E-04 4.72E-05 2.12E-04 
17975.15 -5.91E-05 1.66E-04 4.74E-05 2.13E-04 
17975.2 -6.82E-05 1.66E-04 4.76E-05 2.14E-04 
17975.25 -7.75E-05 1.67E-04 4.78E-05 2.15E-04 
17975.3 -8.71E-05 1.67E-04 4.80E-05 2.15E-04 
17975.35 -9.70E-05 1.68E-04 4.82E-05 2.16E-04 
17975.4 -1.07E-04 1.68E-04 4.84E-05 2.17E-04 
17975.45 -1.17E-04 1.69E-04 4.86E-05 2.17E-04 
17975.5 -1.28E-04 1.69E-04 4.88E-05 2.18E-04 
17975.55 -1.39E-04 1.70E-04 4.90E-05 2.19E-04 
17975.6 -1.50E-04 1.70E-04 4.92E-05 2.19E-04 
17975.65 -1.61E-04 1.71E-04 4.94E-05 2.20E-04 
17975.7 -1.73E-04 1.71E-04 4.96E-05 2.21E-04 
17975.75 -1.85E-04 1.72E-04 4.98E-05 2.21E-04 
17975.8 -1.97E-04 1.72E-04 5.00E-05 2.22E-04 
17975.85 -2.09E-04 1.72E-04 5.02E-05 2.23E-04 
17975.9 -2.21E-04 1.73E-04 5.04E-05 2.23E-04 
17975.95 -2.34E-04 1.73E-04 5.06E-05 2.24E-04 
17976 -2.46E-04 1.74E-04 5.08E-05 2.25E-04 
17976.05 -2.59E-04 1.74E-04 5.10E-05 2.25E-04 
17976.1 -2.72E-04 1.75E-04 5.12E-05 2.26E-04 
17976.15 -2.85E-04 1.75E-04 5.14E-05 2.27E-04 
 225 
17976.2 -2.99E-04 1.76E-04 5.16E-05 2.27E-04 
17976.25 -3.12E-04 1.76E-04 5.18E-05 2.28E-04 
17976.3 -3.26E-04 1.76E-04 5.20E-05 2.28E-04 
17976.35 -3.39E-04 1.77E-04 5.22E-05 2.29E-04 
17976.4 -3.53E-04 1.77E-04 5.24E-05 2.30E-04 
17976.45 -3.67E-04 1.78E-04 5.27E-05 2.30E-04 
17976.5 -3.81E-04 1.78E-04 5.29E-05 2.31E-04 
17976.55 -3.95E-04 1.79E-04 5.31E-05 2.32E-04 
17976.6 -4.09E-04 1.79E-04 5.33E-05 2.32E-04 
17976.65 -4.23E-04 1.79E-04 5.35E-05 2.33E-04 
17976.7 -4.37E-04 1.80E-04 5.37E-05 2.34E-04 
17976.75 -4.51E-04 1.80E-04 5.39E-05 2.34E-04 
17976.8 -4.65E-04 1.81E-04 5.42E-05 2.35E-04 
17976.85 -4.80E-04 1.81E-04 5.44E-05 2.35E-04 
17976.9 -4.94E-04 1.81E-04 5.46E-05 2.36E-04 
17976.95 -5.08E-04 1.82E-04 5.48E-05 2.37E-04 
17977 -5.23E-04 1.82E-04 5.50E-05 2.37E-04 
17977.05 -5.37E-04 1.83E-04 5.52E-05 2.38E-04 
17977.1 -5.51E-04 1.83E-04 5.55E-05 2.38E-04 
17977.15 -5.65E-04 1.83E-04 5.57E-05 2.39E-04 
17977.2 -5.79E-04 1.84E-04 5.59E-05 2.40E-04 
17977.25 -5.93E-04 1.84E-04 5.61E-05 2.40E-04 
17977.3 -6.08E-04 1.84E-04 5.63E-05 2.41E-04 
17977.35 -6.21E-04 1.85E-04 5.66E-05 2.41E-04 
17977.4 -6.35E-04 1.85E-04 5.68E-05 2.42E-04 
17977.45 -6.49E-04 1.86E-04 5.70E-05 2.43E-04 
17977.5 -6.63E-04 1.86E-04 5.72E-05 2.43E-04 
17977.55 -6.77E-04 1.86E-04 5.75E-05 2.44E-04 
17977.6 -6.90E-04 1.87E-04 5.77E-05 2.44E-04 
17977.65 -7.04E-04 1.87E-04 5.79E-05 2.45E-04 
17977.7 -7.17E-04 1.87E-04 5.81E-05 2.45E-04 
17977.75 -7.30E-04 1.88E-04 5.84E-05 2.46E-04 
17977.8 -7.43E-04 1.88E-04 5.86E-05 2.47E-04 
17977.85 -7.56E-04 1.88E-04 5.88E-05 2.47E-04 
17977.9 -7.69E-04 1.89E-04 5.91E-05 2.48E-04 
17977.95 -7.81E-04 1.89E-04 5.93E-05 2.48E-04 
17978 -7.93E-04 1.89E-04 5.95E-05 2.49E-04 
17978.05 -8.06E-04 1.90E-04 5.97E-05 2.49E-04 
17978.1 -8.18E-04 1.90E-04 6.00E-05 2.50E-04 
 226 
17978.15 -8.29E-04 1.90E-04 6.02E-05 2.50E-04 
17978.2 -8.41E-04 1.90E-04 6.04E-05 2.51E-04 
17978.25 -8.52E-04 1.91E-04 6.07E-05 2.51E-04 
17978.3 -8.63E-04 1.91E-04 6.09E-05 2.52E-04 
17978.35 -8.74E-04 1.91E-04 6.11E-05 2.52E-04 
17978.4 -8.85E-04 1.92E-04 6.14E-05 2.53E-04 
17978.45 -8.95E-04 1.92E-04 6.16E-05 2.53E-04 
17978.5 -9.05E-04 1.92E-04 6.18E-05 2.54E-04 
17978.55 -9.15E-04 1.92E-04 6.21E-05 2.54E-04 
17978.6 -9.25E-04 1.93E-04 6.23E-05 2.55E-04 
17978.65 -9.34E-04 1.93E-04 6.25E-05 2.55E-04 
17978.7 -9.43E-04 1.93E-04 6.28E-05 2.56E-04 
17978.75 -9.52E-04 1.93E-04 6.30E-05 2.56E-04 
17978.8 -9.60E-04 1.94E-04 6.32E-05 2.57E-04 
17978.85 -9.68E-04 1.94E-04 6.35E-05 2.57E-04 
17978.9 -9.76E-04 1.94E-04 6.37E-05 2.58E-04 
17978.95 -9.83E-04 1.94E-04 6.39E-05 2.58E-04 
17979 -9.90E-04 1.95E-04 6.42E-05 2.59E-04 
17979.05 -9.96E-04 1.95E-04 6.44E-05 2.59E-04 
17979.1 -0.001 1.95E-04 6.47E-05 2.60E-04 
17979.15 -0.00101 1.95E-04 6.49E-05 2.60E-04 
17979.2 -0.00101 1.96E-04 6.51E-05 2.61E-04 
17979.25 -0.00102 1.96E-04 6.54E-05 2.61E-04 
17979.3 -0.00102 1.96E-04 6.56E-05 2.62E-04 
17979.35 -0.00103 1.96E-04 6.59E-05 2.62E-04 
17979.4 -0.00103 1.96E-04 6.61E-05 2.62E-04 
17979.45 -0.00104 1.97E-04 6.63E-05 2.63E-04 
17979.5 -0.00104 1.97E-04 6.66E-05 2.63E-04 
17979.55 -0.00104 1.97E-04 6.68E-05 2.64E-04 
17979.6 -0.00104 1.97E-04 6.71E-05 2.64E-04 
17979.65 -0.00104 1.97E-04 6.73E-05 2.65E-04 
17979.7 -0.00105 1.97E-04 6.76E-05 2.65E-04 
17979.75 -0.00105 1.98E-04 6.78E-05 2.65E-04 
17979.8 -0.00105 1.98E-04 6.80E-05 2.66E-04 
17979.85 -0.00105 1.98E-04 6.83E-05 2.66E-04 
17979.9 -0.00105 1.98E-04 6.85E-05 2.67E-04 
17979.95 -0.00104 1.98E-04 6.88E-05 2.67E-04 
17980 -0.00104 1.99E-04 6.90E-05 2.68E-04 
17980.05 -0.00104 1.99E-04 6.93E-05 2.68E-04 
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17980.1 -0.00104 1.99E-04 6.95E-05 2.68E-04 
17980.15 -0.00103 1.99E-04 6.98E-05 2.69E-04 
17980.2 -0.00103 1.99E-04 7.00E-05 2.69E-04 
17980.25 -0.00103 1.99E-04 7.03E-05 2.70E-04 
17980.3 -0.00102 1.99E-04 7.05E-05 2.70E-04 
17980.35 -0.00101 2.00E-04 7.08E-05 2.70E-04 
17980.4 -0.00101 2.00E-04 7.10E-05 2.71E-04 
17980.45 -0.001 2.00E-04 7.12E-05 2.71E-04 
17980.5 -9.93E-04 2.00E-04 7.15E-05 2.71E-04 
17980.55 -9.85E-04 2.00E-04 7.17E-05 2.72E-04 
17980.6 -9.76E-04 2.00E-04 7.20E-05 2.72E-04 
17980.65 -9.67E-04 2.00E-04 7.22E-05 2.73E-04 
17980.7 -9.57E-04 2.00E-04 7.25E-05 2.73E-04 
17980.75 -9.46E-04 2.00E-04 7.27E-05 2.73E-04 
17980.8 -9.34E-04 2.01E-04 7.30E-05 2.74E-04 
17980.85 -9.22E-04 2.01E-04 7.32E-05 2.74E-04 
17980.9 -9.10E-04 2.01E-04 7.35E-05 2.74E-04 
17980.95 -8.96E-04 2.01E-04 7.38E-05 2.75E-04 
17981 -8.82E-04 2.01E-04 7.40E-05 2.75E-04 
17981.05 -8.67E-04 2.01E-04 7.43E-05 2.75E-04 
17981.1 -8.51E-04 2.01E-04 7.45E-05 2.76E-04 
17981.15 -8.35E-04 2.01E-04 7.48E-05 2.76E-04 
17981.2 -8.18E-04 2.01E-04 7.50E-05 2.76E-04 
17981.25 -8.00E-04 2.01E-04 7.53E-05 2.77E-04 
17981.3 -7.82E-04 2.01E-04 7.55E-05 2.77E-04 
17981.35 -7.63E-04 2.02E-04 7.58E-05 2.77E-04 
17981.4 -7.43E-04 2.02E-04 7.60E-05 2.78E-04 
17981.45 -7.22E-04 2.02E-04 7.63E-05 2.78E-04 
17981.5 -7.00E-04 2.02E-04 7.65E-05 2.78E-04 
17981.55 -6.78E-04 2.02E-04 7.68E-05 2.79E-04 
17981.6 -6.54E-04 2.02E-04 7.70E-05 2.79E-04 
17981.65 -6.30E-04 2.02E-04 7.73E-05 2.79E-04 
17981.7 -6.06E-04 2.02E-04 7.76E-05 2.80E-04 
17981.75 -5.80E-04 2.02E-04 7.78E-05 2.80E-04 
17981.8 -5.53E-04 2.02E-04 7.81E-05 2.80E-04 
17981.85 -5.26E-04 2.02E-04 7.83E-05 2.80E-04 
17981.9 -4.98E-04 2.02E-04 7.86E-05 2.81E-04 
17981.95 -4.69E-04 2.02E-04 7.88E-05 2.81E-04 
17982 -4.39E-04 2.02E-04 7.91E-05 2.81E-04 
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17982.05 -4.08E-04 2.02E-04 7.94E-05 2.82E-04 
17982.1 -3.76E-04 2.02E-04 7.96E-05 2.82E-04 
17982.15 -3.44E-04 2.02E-04 7.99E-05 2.82E-04 
17982.2 -3.10E-04 2.02E-04 8.01E-05 2.83E-04 
17982.25 -2.76E-04 2.02E-04 8.04E-05 2.83E-04 
17982.3 -2.41E-04 2.02E-04 8.06E-05 2.83E-04 
17982.35 -2.04E-04 2.02E-04 8.09E-05 2.83E-04 
17982.4 -1.67E-04 2.02E-04 8.12E-05 2.84E-04 
17982.45 -1.29E-04 2.03E-04 8.14E-05 2.84E-04 
17982.5 -8.99E-05 2.03E-04 8.17E-05 2.84E-04 
17982.55 -4.98E-05 2.03E-04 8.19E-05 2.84E-04 
17982.6 -8.78E-06 2.03E-04 8.22E-05 2.85E-04 
17982.65 3.33E-05 2.03E-04 8.25E-05 2.85E-04 
17982.7 7.63E-05 2.03E-04 8.27E-05 2.85E-04 
17982.75 1.20E-04 2.03E-04 8.30E-05 2.86E-04 
17982.8 1.65E-04 2.03E-04 8.32E-05 2.86E-04 
17982.85 2.11E-04 2.03E-04 8.35E-05 2.86E-04 
17982.9 2.58E-04 2.03E-04 8.38E-05 2.86E-04 
17982.95 3.07E-04 2.03E-04 8.40E-05 2.87E-04 
17983 3.56E-04 2.03E-04 8.43E-05 2.87E-04 
17983.05 4.06E-04 2.03E-04 8.45E-05 2.87E-04 
17983.1 4.57E-04 2.03E-04 8.48E-05 2.87E-04 
17983.15 5.09E-04 2.03E-04 8.51E-05 2.88E-04 
17983.2 5.61E-04 2.02E-04 8.53E-05 2.88E-04 
17983.25 6.15E-04 2.02E-04 8.56E-05 2.88E-04 
17983.3 6.70E-04 2.02E-04 8.59E-05 2.88E-04 
17983.35 7.25E-04 2.02E-04 8.61E-05 2.89E-04 
17983.4 7.81E-04 2.02E-04 8.64E-05 2.89E-04 
17983.45 8.37E-04 2.02E-04 8.66E-05 2.89E-04 
17983.5 8.94E-04 2.02E-04 8.69E-05 2.89E-04 
17983.55 9.52E-04 2.02E-04 8.72E-05 2.89E-04 
17983.6 0.00101 2.02E-04 8.74E-05 2.90E-04 
17983.65 0.00107 2.02E-04 8.77E-05 2.90E-04 
17983.7 0.00113 2.02E-04 8.80E-05 2.90E-04 
17983.75 0.00119 2.02E-04 8.82E-05 2.90E-04 
17983.8 0.00125 2.02E-04 8.85E-05 2.91E-04 
17983.85 0.00131 2.02E-04 8.87E-05 2.91E-04 
17983.9 0.00137 2.02E-04 8.90E-05 2.91E-04 
17983.95 0.00143 2.02E-04 8.93E-05 2.91E-04 
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17984 0.0015 2.02E-04 8.95E-05 2.91E-04 
17984.05 0.00156 2.02E-04 8.98E-05 2.92E-04 
17984.1 0.00162 2.02E-04 9.01E-05 2.92E-04 
17984.15 0.00168 2.02E-04 9.03E-05 2.92E-04 
17984.2 0.00175 2.02E-04 9.06E-05 2.92E-04 
17984.25 0.00181 2.02E-04 9.09E-05 2.93E-04 
17984.3 0.00187 2.02E-04 9.11E-05 2.93E-04 
17984.35 0.00194 2.02E-04 9.14E-05 2.93E-04 
17984.4 0.002 2.02E-04 9.17E-05 2.93E-04 
17984.45 0.00206 2.01E-04 9.19E-05 2.93E-04 
17984.5 0.00213 2.01E-04 9.22E-05 2.94E-04 
17984.55 0.00219 2.01E-04 9.25E-05 2.94E-04 
17984.6 0.00225 2.01E-04 9.27E-05 2.94E-04 
17984.65 0.00232 2.01E-04 9.30E-05 2.94E-04 
17984.7 0.00238 2.01E-04 9.32E-05 2.94E-04 
17984.75 0.00244 2.01E-04 9.35E-05 2.95E-04 
17984.8 0.0025 2.01E-04 9.38E-05 2.95E-04 
17984.85 0.00257 2.01E-04 9.40E-05 2.95E-04 
17984.9 0.00263 2.01E-04 9.43E-05 2.95E-04 
17984.95 0.00269 2.01E-04 9.46E-05 2.95E-04 
17985 0.00275 2.01E-04 9.48E-05 2.96E-04 
17985.05 0.00281 2.01E-04 9.51E-05 2.96E-04 
17985.1 0.00287 2.01E-04 9.54E-05 2.96E-04 
17985.15 0.00293 2.00E-04 9.56E-05 2.96E-04 
17985.2 0.00299 2.00E-04 9.59E-05 2.96E-04 
17985.25 0.00305 2.00E-04 9.62E-05 2.96E-04 
17985.3 0.00311 2.00E-04 9.64E-05 2.97E-04 
17985.35 0.00317 2.00E-04 9.67E-05 2.97E-04 
17985.4 0.00322 2.00E-04 9.70E-05 2.97E-04 
17985.45 0.00328 2.00E-04 9.72E-05 2.97E-04 
17985.5 0.00334 2.00E-04 9.75E-05 2.97E-04 
17985.55 0.00339 2.00E-04 9.78E-05 2.98E-04 
17985.6 0.00345 2.00E-04 9.80E-05 2.98E-04 
17985.65 0.0035 2.00E-04 9.83E-05 2.98E-04 
17985.7 0.00355 1.99E-04 9.86E-05 2.98E-04 
17985.75 0.0036 1.99E-04 9.88E-05 2.98E-04 
17985.8 0.00365 1.99E-04 9.91E-05 2.98E-04 
17985.85 0.0037 1.99E-04 9.94E-05 2.99E-04 
17985.9 0.00375 1.99E-04 9.96E-05 2.99E-04 
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17985.95 0.0038 1.99E-04 9.99E-05 2.99E-04 
17986 0.00385 1.99E-04 1.00E-04 2.99E-04 
17986.05 0.00389 1.99E-04 1.00E-04 2.99E-04 
17986.1 0.00394 1.99E-04 1.01E-04 2.99E-04 
17986.15 0.00398 1.99E-04 1.01E-04 3.00E-04 
17986.2 0.00403 1.98E-04 1.01E-04 3.00E-04 
17986.25 0.00407 1.98E-04 1.02E-04 3.00E-04 
17986.3 0.00411 1.98E-04 1.02E-04 3.00E-04 
17986.35 0.00415 1.98E-04 1.02E-04 3.00E-04 
17986.4 0.00418 1.98E-04 1.02E-04 3.00E-04 
17986.45 0.00422 1.98E-04 1.03E-04 3.01E-04 
17986.5 0.00425 1.98E-04 1.03E-04 3.01E-04 
17986.55 0.00429 1.98E-04 1.03E-04 3.01E-04 
17986.6 0.00432 1.98E-04 1.03E-04 3.01E-04 
17986.65 0.00435 1.98E-04 1.04E-04 3.01E-04 
17986.7 0.00438 1.97E-04 1.04E-04 3.01E-04 
17986.75 0.00441 1.97E-04 1.04E-04 3.01E-04 
17986.8 0.00443 1.97E-04 1.04E-04 3.02E-04 
17986.85 0.00445 1.97E-04 1.05E-04 3.02E-04 
17986.9 0.00448 1.97E-04 1.05E-04 3.02E-04 
17986.95 0.0045 1.97E-04 1.05E-04 3.02E-04 
17987 0.00452 1.97E-04 1.05E-04 3.02E-04 
17987.05 0.00453 1.97E-04 1.06E-04 3.02E-04 
17987.1 0.00455 1.97E-04 1.06E-04 3.03E-04 
17987.15 0.00456 1.96E-04 1.06E-04 3.03E-04 
17987.2 0.00457 1.96E-04 1.07E-04 3.03E-04 
17987.25 0.00458 1.96E-04 1.07E-04 3.03E-04 
17987.3 0.00459 1.96E-04 1.07E-04 3.03E-04 
17987.35 0.0046 1.96E-04 1.07E-04 3.03E-04 
17987.4 0.0046 1.96E-04 1.08E-04 3.03E-04 
17987.45 0.0046 1.96E-04 1.08E-04 3.04E-04 
17987.5 0.0046 1.96E-04 1.08E-04 3.04E-04 
17987.55 0.0046 1.96E-04 1.08E-04 3.04E-04 
17987.6 0.0046 1.95E-04 1.09E-04 3.04E-04 
17987.65 0.00459 1.95E-04 1.09E-04 3.04E-04 
17987.7 0.00458 1.95E-04 1.09E-04 3.04E-04 
17987.75 0.00457 1.95E-04 1.09E-04 3.05E-04 
17987.8 0.00456 1.95E-04 1.10E-04 3.05E-04 
17987.85 0.00454 1.95E-04 1.10E-04 3.05E-04 
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17987.9 0.00453 1.95E-04 1.10E-04 3.05E-04 
17987.95 0.00451 1.95E-04 1.11E-04 3.05E-04 
17988 0.00448 1.94E-04 1.11E-04 3.05E-04 
17988.05 0.00446 1.94E-04 1.11E-04 3.05E-04 
17988.1 0.00443 1.94E-04 1.11E-04 3.06E-04 
17988.15 0.0044 1.94E-04 1.12E-04 3.06E-04 
17988.2 0.00437 1.94E-04 1.12E-04 3.06E-04 
17988.25 0.00433 1.94E-04 1.12E-04 3.06E-04 
17988.3 0.00429 1.94E-04 1.12E-04 3.06E-04 
17988.35 0.00425 1.94E-04 1.13E-04 3.06E-04 
17988.4 0.00421 1.94E-04 1.13E-04 3.06E-04 
17988.45 0.00417 1.93E-04 1.13E-04 3.07E-04 
17988.5 0.00412 1.93E-04 1.13E-04 3.07E-04 
17988.55 0.00407 1.93E-04 1.14E-04 3.07E-04 
17988.6 0.00401 1.93E-04 1.14E-04 3.07E-04 
17988.65 0.00396 1.93E-04 1.14E-04 3.07E-04 
17988.7 0.0039 1.93E-04 1.14E-04 3.07E-04 
17988.75 0.00383 1.93E-04 1.15E-04 3.07E-04 
17988.8 0.00377 1.93E-04 1.15E-04 3.08E-04 
17988.85 0.0037 1.93E-04 1.15E-04 3.08E-04 
17988.9 0.00363 1.92E-04 1.16E-04 3.08E-04 
17988.95 0.00355 1.92E-04 1.16E-04 3.08E-04 
17989 0.00347 1.92E-04 1.16E-04 3.08E-04 
17989.05 0.00339 1.92E-04 1.16E-04 3.08E-04 
17989.1 0.00331 1.92E-04 1.17E-04 3.09E-04 
17989.15 0.00322 1.92E-04 1.17E-04 3.09E-04 
17989.2 0.00313 1.92E-04 1.17E-04 3.09E-04 
17989.25 0.00304 1.92E-04 1.17E-04 3.09E-04 
17989.3 0.00294 1.92E-04 1.18E-04 3.09E-04 
17989.35 0.00284 1.92E-04 1.18E-04 3.09E-04 
17989.4 0.00274 1.91E-04 1.18E-04 3.10E-04 
17989.45 0.00263 1.91E-04 1.18E-04 3.10E-04 
17989.5 0.00252 1.91E-04 1.19E-04 3.10E-04 
17989.55 0.00241 1.91E-04 1.19E-04 3.10E-04 
17989.6 0.00229 1.91E-04 1.19E-04 3.10E-04 
17989.65 0.00217 1.91E-04 1.19E-04 3.10E-04 
17989.7 0.00204 1.91E-04 1.20E-04 3.11E-04 
17989.75 0.00191 1.91E-04 1.20E-04 3.11E-04 
17989.8 0.00178 1.91E-04 1.20E-04 3.11E-04 
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17989.85 0.00165 1.91E-04 1.20E-04 3.11E-04 
17989.9 0.00151 1.91E-04 1.21E-04 3.11E-04 
17989.95 0.00137 1.91E-04 1.21E-04 3.12E-04 
17990 0.00122 1.91E-04 1.21E-04 3.12E-04 
17990.05 0.00107 1.91E-04 1.21E-04 3.12E-04 
17990.1 9.15E-04 1.91E-04 1.22E-04 3.12E-04 
17990.15 7.56E-04 1.90E-04 1.22E-04 3.12E-04 
17990.2 5.94E-04 1.90E-04 1.22E-04 3.12E-04 
17990.25 4.29E-04 1.90E-04 1.22E-04 3.13E-04 
17990.3 2.59E-04 1.90E-04 1.23E-04 3.13E-04 
17990.35 8.49E-05 1.90E-04 1.23E-04 3.13E-04 
17990.4 -9.31E-05 1.90E-04 1.23E-04 3.13E-04 
17990.45 -2.75E-04 1.90E-04 1.23E-04 3.14E-04 
17990.5 -4.58E-04 1.90E-04 1.23E-04 3.14E-04 
17990.55 -6.39E-04 1.90E-04 1.24E-04 3.14E-04 
17990.6 -8.17E-04 1.90E-04 1.24E-04 3.14E-04 
17990.65 -9.88E-04 1.90E-04 1.24E-04 3.14E-04 
17990.7 -0.00115 1.90E-04 1.24E-04 3.15E-04 
17990.75 -0.0013 1.90E-04 1.25E-04 3.15E-04 
17990.8 -0.00143 1.90E-04 1.25E-04 3.15E-04 
17990.85 -0.00155 1.90E-04 1.25E-04 3.15E-04 
17990.9 -0.00165 1.90E-04 1.25E-04 3.16E-04 
17990.95 -0.00172 1.90E-04 1.25E-04 3.16E-04 
17991 -0.00177 1.90E-04 1.26E-04 3.16E-04 
17991.05 -0.00179 1.90E-04 1.26E-04 3.16E-04 
17991.1 -0.00178 1.90E-04 1.26E-04 3.17E-04 
17991.15 -0.00173 1.90E-04 1.26E-04 3.17E-04 
17991.2 -0.00165 1.90E-04 1.27E-04 3.17E-04 
17991.25 -0.00153 1.91E-04 1.27E-04 3.17E-04 
17991.3 -0.00138 1.91E-04 1.27E-04 3.18E-04 
17991.35 -0.0012 1.91E-04 1.27E-04 3.18E-04 
17991.4 -9.89E-04 1.91E-04 1.27E-04 3.18E-04 
17991.45 -7.62E-04 1.91E-04 1.28E-04 3.18E-04 
17991.5 -5.20E-04 1.91E-04 1.28E-04 3.19E-04 
17991.55 -2.67E-04 1.91E-04 1.28E-04 3.19E-04 
17991.6 -6.95E-06 1.91E-04 1.28E-04 3.19E-04 
17991.65 2.55E-04 1.91E-04 1.28E-04 3.20E-04 
17991.7 5.13E-04 1.91E-04 1.29E-04 3.20E-04 
17991.75 7.65E-04 1.91E-04 1.29E-04 3.20E-04 
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17991.8 0.001 1.91E-04 1.29E-04 3.21E-04 
17991.85 0.00123 1.92E-04 1.29E-04 3.21E-04 
17991.9 0.00143 1.92E-04 1.29E-04 3.21E-04 
17991.95 0.00161 1.92E-04 1.30E-04 3.21E-04 
17992 0.00175 1.92E-04 1.30E-04 3.22E-04 
17992.05 0.00186 1.92E-04 1.30E-04 3.22E-04 
17992.1 0.00194 1.92E-04 1.30E-04 3.22E-04 
17992.15 0.00199 1.92E-04 1.30E-04 3.23E-04 
17992.2 0.00201 1.93E-04 1.31E-04 3.23E-04 
17992.25 0.00201 1.93E-04 1.31E-04 3.24E-04 
17992.3 0.00199 1.93E-04 1.31E-04 3.24E-04 
17992.35 0.00195 1.93E-04 1.31E-04 3.24E-04 
17992.4 0.00191 1.93E-04 1.31E-04 3.25E-04 
17992.45 0.00185 1.94E-04 1.31E-04 3.25E-04 
17992.5 0.0018 1.94E-04 1.32E-04 3.25E-04 
17992.55 0.00174 1.94E-04 1.32E-04 3.26E-04 
17992.6 0.00169 1.94E-04 1.32E-04 3.26E-04 
17992.65 0.00165 1.94E-04 1.32E-04 3.27E-04 
17992.7 0.00163 1.95E-04 1.32E-04 3.27E-04 
17992.75 0.00162 1.95E-04 1.32E-04 3.27E-04 
17992.8 0.00163 1.95E-04 1.33E-04 3.28E-04 
17992.85 0.00166 1.95E-04 1.33E-04 3.28E-04 
17992.9 0.00172 1.96E-04 1.33E-04 3.29E-04 
17992.95 0.00179 1.96E-04 1.33E-04 3.29E-04 
17993 0.00188 1.96E-04 1.33E-04 3.29E-04 
17993.05 0.00198 1.97E-04 1.33E-04 3.30E-04 
17993.1 0.00208 1.97E-04 1.33E-04 3.30E-04 
17993.15 0.00219 1.97E-04 1.34E-04 3.31E-04 
17993.2 0.00229 1.98E-04 1.34E-04 3.31E-04 
17993.25 0.00239 1.98E-04 1.34E-04 3.32E-04 
17993.3 0.00247 1.98E-04 1.34E-04 3.32E-04 
17993.35 0.00254 1.99E-04 1.34E-04 3.33E-04 
17993.4 0.00259 1.99E-04 1.34E-04 3.33E-04 
17993.45 0.00262 1.99E-04 1.34E-04 3.34E-04 
17993.5 0.00262 2.00E-04 1.34E-04 3.34E-04 
17993.55 0.00259 2.00E-04 1.35E-04 3.35E-04 
17993.6 0.00252 2.00E-04 1.35E-04 3.35E-04 
17993.65 0.00241 2.01E-04 1.35E-04 3.36E-04 
17993.7 0.00226 2.01E-04 1.35E-04 3.36E-04 
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17993.75 0.00209 2.02E-04 1.35E-04 3.37E-04 
17993.8 0.00188 2.02E-04 1.35E-04 3.37E-04 
17993.85 0.00166 2.03E-04 1.35E-04 3.38E-04 
17993.9 0.00141 2.03E-04 1.35E-04 3.38E-04 
17993.95 0.00116 2.04E-04 1.35E-04 3.39E-04 
17994 8.92E-04 2.04E-04 1.36E-04 3.40E-04 
17994.05 6.21E-04 2.04E-04 1.36E-04 3.40E-04 
17994.1 3.51E-04 2.05E-04 1.36E-04 3.41E-04 
17994.15 8.54E-05 2.05E-04 1.36E-04 3.41E-04 
17994.2 -1.71E-04 2.06E-04 1.36E-04 3.42E-04 
17994.25 -4.13E-04 2.07E-04 1.36E-04 3.42E-04 
17994.3 -6.36E-04 2.07E-04 1.36E-04 3.43E-04 
17994.35 -8.36E-04 2.08E-04 1.36E-04 3.44E-04 
17994.4 -0.00101 2.08E-04 1.36E-04 3.44E-04 
17994.45 -0.00115 2.09E-04 1.36E-04 3.45E-04 
17994.5 -0.00126 2.09E-04 1.36E-04 3.46E-04 
17994.55 -0.00135 2.10E-04 1.36E-04 3.46E-04 
17994.6 -0.0014 2.10E-04 1.36E-04 3.47E-04 
17994.65 -0.00144 2.11E-04 1.37E-04 3.48E-04 
17994.7 -0.00144 2.12E-04 1.37E-04 3.48E-04 
17994.75 -0.00143 2.12E-04 1.37E-04 3.49E-04 
17994.8 -0.0014 2.13E-04 1.37E-04 3.50E-04 
17994.85 -0.00135 2.14E-04 1.37E-04 3.50E-04 
17994.9 -0.00128 2.14E-04 1.37E-04 3.51E-04 
17994.95 -0.0012 2.15E-04 1.37E-04 3.52E-04 
17995 -0.0011 2.16E-04 1.37E-04 3.52E-04 
17995.05 -9.96E-04 2.16E-04 1.37E-04 3.53E-04 
17995.1 -8.80E-04 2.17E-04 1.37E-04 3.54E-04 
17995.15 -7.55E-04 2.18E-04 1.37E-04 3.55E-04 
17995.2 -6.24E-04 2.19E-04 1.37E-04 3.55E-04 
17995.25 -4.88E-04 2.19E-04 1.37E-04 3.56E-04 
17995.3 -3.50E-04 2.20E-04 1.37E-04 3.57E-04 
17995.35 -2.12E-04 2.21E-04 1.37E-04 3.58E-04 
17995.4 -7.67E-05 2.22E-04 1.37E-04 3.59E-04 
17995.45 5.31E-05 2.22E-04 1.37E-04 3.59E-04 
17995.5 1.75E-04 2.23E-04 1.37E-04 3.60E-04 
17995.55 2.86E-04 2.24E-04 1.37E-04 3.61E-04 
17995.6 3.83E-04 2.25E-04 1.37E-04 3.62E-04 
17995.65 4.64E-04 2.26E-04 1.37E-04 3.63E-04 
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17995.7 5.27E-04 2.27E-04 1.37E-04 3.64E-04 
17995.75 5.68E-04 2.27E-04 1.37E-04 3.64E-04 
17995.8 5.85E-04 2.28E-04 1.37E-04 3.65E-04 
17995.85 5.75E-04 2.29E-04 1.37E-04 3.66E-04 
17995.9 5.36E-04 2.30E-04 1.37E-04 3.67E-04 
17995.95 4.65E-04 2.31E-04 1.37E-04 3.68E-04 
17996 3.59E-04 2.32E-04 1.37E-04 3.69E-04 
17996.05 2.16E-04 2.33E-04 1.37E-04 3.70E-04 
17996.1 3.96E-05 2.34E-04 1.37E-04 3.71E-04 
17996.15 -1.64E-04 2.35E-04 1.37E-04 3.72E-04 
17996.2 -3.89E-04 2.36E-04 1.37E-04 3.73E-04 
17996.25 -6.29E-04 2.37E-04 1.37E-04 3.74E-04 
17996.3 -8.77E-04 2.38E-04 1.37E-04 3.74E-04 
17996.35 -0.00113 2.39E-04 1.37E-04 3.75E-04 
17996.4 -0.00137 2.40E-04 1.37E-04 3.76E-04 
17996.45 -0.00161 2.41E-04 1.36E-04 3.77E-04 
17996.5 -0.00183 2.42E-04 1.36E-04 3.78E-04 
17996.55 -0.00203 2.43E-04 1.36E-04 3.79E-04 
17996.6 -0.00219 2.44E-04 1.36E-04 3.80E-04 
17996.65 -0.00232 2.45E-04 1.36E-04 3.82E-04 
17996.7 -0.00241 2.47E-04 1.36E-04 3.83E-04 
17996.75 -0.00246 2.48E-04 1.36E-04 3.84E-04 
17996.8 -0.00244 2.49E-04 1.36E-04 3.85E-04 
17996.85 -0.00237 2.50E-04 1.36E-04 3.86E-04 
17996.9 -0.00225 2.51E-04 1.36E-04 3.87E-04 
17996.95 -0.00207 2.52E-04 1.36E-04 3.88E-04 
17997 -0.00185 2.54E-04 1.35E-04 3.89E-04 
17997.05 -0.00159 2.55E-04 1.35E-04 3.90E-04 
17997.1 -0.00131 2.56E-04 1.35E-04 3.91E-04 
17997.15 -0.001 2.57E-04 1.35E-04 3.92E-04 
17997.2 -6.75E-04 2.59E-04 1.35E-04 3.94E-04 
17997.25 -3.40E-04 2.60E-04 1.35E-04 3.95E-04 
17997.3 -8.06E-07 2.61E-04 1.35E-04 3.96E-04 
17997.35 3.35E-04 2.63E-04 1.35E-04 3.97E-04 
17997.4 6.61E-04 2.64E-04 1.34E-04 3.98E-04 
17997.45 9.72E-04 2.65E-04 1.34E-04 4.00E-04 
17997.5 0.00126 2.67E-04 1.34E-04 4.01E-04 
17997.55 0.00152 2.68E-04 1.34E-04 4.02E-04 
17997.6 0.00174 2.69E-04 1.34E-04 4.03E-04 
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17997.65 0.00192 2.71E-04 1.34E-04 4.05E-04 
17997.7 0.00207 2.72E-04 1.34E-04 4.06E-04 
17997.75 0.00217 2.74E-04 1.33E-04 4.07E-04 
17997.8 0.00225 2.75E-04 1.33E-04 4.08E-04 
17997.85 0.00229 2.77E-04 1.33E-04 4.10E-04 
17997.9 0.00231 2.78E-04 1.33E-04 4.11E-04 
17997.95 0.0023 2.80E-04 1.33E-04 4.12E-04 
17998 0.00227 2.81E-04 1.32E-04 4.14E-04 
17998.05 0.00222 2.83E-04 1.32E-04 4.15E-04 
17998.1 0.00216 2.84E-04 1.32E-04 4.16E-04 
17998.15 0.00208 2.86E-04 1.32E-04 4.18E-04 
17998.2 0.00199 2.88E-04 1.32E-04 4.19E-04 
17998.25 0.00189 2.89E-04 1.31E-04 4.21E-04 
17998.3 0.00179 2.91E-04 1.31E-04 4.22E-04 
17998.35 0.00168 2.92E-04 1.31E-04 4.23E-04 
17998.4 0.00158 2.94E-04 1.31E-04 4.25E-04 
17998.45 0.00148 2.96E-04 1.30E-04 4.26E-04 
17998.5 0.00139 2.98E-04 1.30E-04 4.28E-04 
17998.55 0.00129 2.99E-04 1.30E-04 4.29E-04 
17998.6 0.0012 3.01E-04 1.30E-04 4.31E-04 
17998.65 0.00112 3.03E-04 1.30E-04 4.32E-04 
17998.7 0.00103 3.04E-04 1.29E-04 4.34E-04 
17998.75 9.50E-04 3.06E-04 1.29E-04 4.35E-04 
17998.8 8.72E-04 3.08E-04 1.29E-04 4.37E-04 
17998.85 7.96E-04 3.10E-04 1.29E-04 4.38E-04 
17998.9 7.24E-04 3.12E-04 1.28E-04 4.40E-04 
17998.95 6.54E-04 3.13E-04 1.28E-04 4.41E-04 
17999 5.87E-04 3.15E-04 1.28E-04 4.43E-04 
17999.05 5.22E-04 3.17E-04 1.27E-04 4.45E-04 
17999.1 4.61E-04 3.19E-04 1.27E-04 4.46E-04 
17999.15 4.01E-04 3.21E-04 1.27E-04 4.48E-04 
17999.2 3.45E-04 3.23E-04 1.27E-04 4.49E-04 
17999.25 2.90E-04 3.24E-04 1.26E-04 4.51E-04 
17999.3 2.39E-04 3.26E-04 1.26E-04 4.53E-04 
17999.35 1.90E-04 3.28E-04 1.26E-04 4.54E-04 
17999.4 1.44E-04 3.30E-04 1.26E-04 4.56E-04 
17999.45 1.01E-04 3.32E-04 1.25E-04 4.57E-04 
17999.5 6.18E-05 3.34E-04 1.25E-04 4.59E-04 
17999.55 2.60E-05 3.36E-04 1.25E-04 4.61E-04 
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17999.6 -6.03E-06 3.38E-04 1.25E-04 4.62E-04 
17999.65 -3.41E-05 3.40E-04 1.24E-04 4.64E-04 
17999.7 -5.80E-05 3.42E-04 1.24E-04 4.66E-04 
17999.75 -7.75E-05 3.44E-04 1.24E-04 4.68E-04 
17999.8 -9.25E-05 3.46E-04 1.24E-04 4.69E-04 
17999.85 -1.03E-04 3.48E-04 1.23E-04 4.71E-04 
17999.9 -1.08E-04 3.50E-04 1.23E-04 4.73E-04 
17999.95 -1.08E-04 3.52E-04 1.23E-04 4.74E-04 
18000 -1.03E-04 3.54E-04 1.23E-04 4.76E-04 
18000.05 -9.18E-05 3.56E-04 1.22E-04 4.78E-04 
18000.1 -7.57E-05 3.58E-04 1.22E-04 4.80E-04 
18000.15 -5.47E-05 3.60E-04 1.22E-04 4.81E-04 
18000.2 -2.92E-05 3.62E-04 1.22E-04 4.83E-04 
18000.25 2.20E-07 3.64E-04 1.21E-04 4.85E-04 
18000.3 3.33E-05 3.66E-04 1.21E-04 4.87E-04 
18000.35 6.96E-05 3.68E-04 1.21E-04 4.88E-04 
18000.4 1.09E-04 3.70E-04 1.21E-04 4.90E-04 
18000.45 1.50E-04 3.72E-04 1.20E-04 4.92E-04 
18000.5 1.93E-04 3.74E-04 1.20E-04 4.94E-04 
18000.55 2.38E-04 3.76E-04 1.20E-04 4.96E-04 
18000.6 2.84E-04 3.78E-04 1.20E-04 4.97E-04 
18000.65 3.31E-04 3.80E-04 1.20E-04 4.99E-04 
18000.7 3.78E-04 3.82E-04 1.19E-04 5.01E-04 
18000.75 4.25E-04 3.84E-04 1.19E-04 5.03E-04 
18000.8 4.71E-04 3.86E-04 1.19E-04 5.05E-04 
18000.85 5.16E-04 3.88E-04 1.19E-04 5.06E-04 
18000.9 5.60E-04 3.90E-04 1.19E-04 5.08E-04 
18000.95 6.03E-04 3.92E-04 1.18E-04 5.10E-04 
18001 6.44E-04 3.94E-04 1.18E-04 5.12E-04 
18001.05 6.84E-04 3.96E-04 1.18E-04 5.14E-04 
18001.1 7.23E-04 3.98E-04 1.18E-04 5.16E-04 
18001.15 7.59E-04 4.00E-04 1.18E-04 5.17E-04 
18001.2 7.94E-04 4.02E-04 1.18E-04 5.19E-04 
18001.25 8.26E-04 4.04E-04 1.17E-04 5.21E-04 
18001.3 8.57E-04 4.06E-04 1.17E-04 5.23E-04 
18001.35 8.85E-04 4.08E-04 1.17E-04 5.25E-04 
18001.4 9.11E-04 4.10E-04 1.17E-04 5.27E-04 
18001.45 9.34E-04 4.12E-04 1.17E-04 5.29E-04 
18001.5 9.55E-04 4.14E-04 1.17E-04 5.30E-04 
 238 
18001.55 9.72E-04 4.16E-04 1.17E-04 5.32E-04 
18001.6 9.87E-04 4.18E-04 1.17E-04 5.34E-04 
18001.65 9.99E-04 4.20E-04 1.17E-04 5.36E-04 
18001.7 0.00101 4.22E-04 1.16E-04 5.38E-04 
18001.75 0.00101 4.24E-04 1.16E-04 5.40E-04 
18001.8 0.00102 4.25E-04 1.16E-04 5.42E-04 
18001.85 0.00102 4.27E-04 1.16E-04 5.44E-04 
18001.9 0.00102 4.29E-04 1.16E-04 5.46E-04 
18001.95 0.00102 4.31E-04 1.16E-04 5.47E-04 
18002 0.00101 4.33E-04 1.16E-04 5.49E-04 
18002.05 0.00101 4.35E-04 1.16E-04 5.51E-04 
18002.1 0.001 4.37E-04 1.16E-04 5.53E-04 
18002.15 9.93E-04 4.39E-04 1.16E-04 5.55E-04 
18002.2 9.84E-04 4.41E-04 1.16E-04 5.57E-04 
18002.25 9.74E-04 4.43E-04 1.16E-04 5.59E-04 
18002.3 9.63E-04 4.44E-04 1.16E-04 5.61E-04 
18002.35 9.52E-04 4.46E-04 1.16E-04 5.63E-04 
18002.4 9.41E-04 4.48E-04 1.16E-04 5.64E-04 
18002.45 9.29E-04 4.50E-04 1.16E-04 5.66E-04 
18002.5 9.18E-04 4.52E-04 1.16E-04 5.68E-04 
18002.55 9.06E-04 4.54E-04 1.17E-04 5.70E-04 
18002.6 8.93E-04 4.55E-04 1.17E-04 5.72E-04 
18002.65 8.79E-04 4.57E-04 1.17E-04 5.74E-04 
18002.7 8.64E-04 4.59E-04 1.17E-04 5.76E-04 
18002.75 8.48E-04 4.61E-04 1.17E-04 5.78E-04 
18002.8 8.30E-04 4.62E-04 1.17E-04 5.80E-04 
18002.85 8.10E-04 4.64E-04 1.17E-04 5.81E-04 
18002.9 7.87E-04 4.66E-04 1.17E-04 5.83E-04 
18002.95 7.62E-04 4.68E-04 1.18E-04 5.85E-04 
18003 7.35E-04 4.69E-04 1.18E-04 5.87E-04 
18003.05 7.04E-04 4.71E-04 1.18E-04 5.89E-04 
18003.1 6.69E-04 4.73E-04 1.18E-04 5.91E-04 
18003.15 6.31E-04 4.74E-04 1.18E-04 5.93E-04 
18003.2 5.90E-04 4.76E-04 1.19E-04 5.95E-04 
18003.25 5.44E-04 4.78E-04 1.19E-04 5.97E-04 
18003.3 4.94E-04 4.79E-04 1.19E-04 5.98E-04 
18003.35 4.40E-04 4.81E-04 1.20E-04 6.00E-04 
18003.4 3.84E-04 4.82E-04 1.20E-04 6.02E-04 
18003.45 3.26E-04 4.84E-04 1.20E-04 6.04E-04 
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18003.5 2.66E-04 4.85E-04 1.20E-04 6.06E-04 
18003.55 2.05E-04 4.87E-04 1.21E-04 6.08E-04 
18003.6 1.43E-04 4.88E-04 1.21E-04 6.10E-04 
18003.65 8.18E-05 4.90E-04 1.22E-04 6.11E-04 
18003.7 2.07E-05 4.91E-04 1.22E-04 6.13E-04 
18003.75 -3.93E-05 4.93E-04 1.22E-04 6.15E-04 
18003.8 -9.75E-05 4.94E-04 1.23E-04 6.17E-04 
18003.85 -1.54E-04 4.96E-04 1.23E-04 6.19E-04 
18003.9 -2.07E-04 4.97E-04 1.24E-04 6.21E-04 
18003.95 -2.57E-04 4.98E-04 1.24E-04 6.22E-04 
18004 -3.03E-04 5.00E-04 1.25E-04 6.24E-04 
18004.05 -3.44E-04 5.01E-04 1.25E-04 6.26E-04 
18004.1 -3.81E-04 5.02E-04 1.26E-04 6.28E-04 
18004.15 -4.14E-04 5.03E-04 1.26E-04 6.30E-04 
18004.2 -4.42E-04 5.05E-04 1.27E-04 6.31E-04 
18004.25 -4.66E-04 5.06E-04 1.27E-04 6.33E-04 
18004.3 -4.85E-04 5.07E-04 1.28E-04 6.35E-04 
18004.35 -5.01E-04 5.08E-04 1.28E-04 6.37E-04 
18004.4 -5.13E-04 5.09E-04 1.29E-04 6.39E-04 
18004.45 -5.20E-04 5.11E-04 1.30E-04 6.40E-04 
18004.5 -5.24E-04 5.12E-04 1.30E-04 6.42E-04 
18004.55 -5.24E-04 5.13E-04 1.31E-04 6.44E-04 
18004.6 -5.21E-04 5.14E-04 1.32E-04 6.46E-04 
18004.65 -5.14E-04 5.15E-04 1.32E-04 6.47E-04 
18004.7 -5.03E-04 5.16E-04 1.33E-04 6.49E-04 
18004.75 -4.89E-04 5.17E-04 1.34E-04 6.51E-04 
18004.8 -4.72E-04 5.18E-04 1.35E-04 6.53E-04 
18004.85 -4.51E-04 5.19E-04 1.35E-04 6.54E-04 
18004.9 -4.27E-04 5.20E-04 1.36E-04 6.56E-04 
18004.95 -4.00E-04 5.21E-04 1.37E-04 6.58E-04 
18005 -3.68E-04 5.21E-04 1.38E-04 6.59E-04 
18005.05 -3.32E-04 5.22E-04 1.39E-04 6.61E-04 
18005.1 -2.92E-04 5.23E-04 1.40E-04 6.63E-04 
18005.15 -2.47E-04 5.24E-04 1.41E-04 6.64E-04 
18005.2 -1.97E-04 5.25E-04 1.42E-04 6.66E-04 
18005.25 -1.42E-04 5.25E-04 1.43E-04 6.68E-04 
18005.3 -8.14E-05 5.26E-04 1.43E-04 6.69E-04 
18005.35 -1.51E-05 5.27E-04 1.44E-04 6.71E-04 
18005.4 5.71E-05 5.27E-04 1.45E-04 6.73E-04 
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18005.45 1.36E-04 5.28E-04 1.47E-04 6.74E-04 
18005.5 2.21E-04 5.28E-04 1.48E-04 6.76E-04 
18005.55 3.12E-04 5.29E-04 1.49E-04 6.77E-04 
18005.6 4.11E-04 5.29E-04 1.50E-04 6.79E-04 
18005.65 5.16E-04 5.30E-04 1.51E-04 6.81E-04 
18005.7 6.28E-04 5.30E-04 1.52E-04 6.82E-04 
18005.75 7.43E-04 5.31E-04 1.53E-04 6.84E-04 
18005.8 8.62E-04 5.31E-04 1.54E-04 6.85E-04 
18005.85 9.82E-04 5.31E-04 1.56E-04 6.87E-04 
18005.9 0.0011 5.32E-04 1.57E-04 6.88E-04 
18005.95 0.00122 5.32E-04 1.58E-04 6.90E-04 
18006 0.00134 5.32E-04 1.59E-04 6.92E-04 
18006.05 0.00145 5.32E-04 1.61E-04 6.93E-04 
18006.1 0.00156 5.33E-04 1.62E-04 6.95E-04 
18006.15 0.00166 5.33E-04 1.63E-04 6.96E-04 
18006.2 0.00175 5.33E-04 1.65E-04 6.97E-04 
18006.25 0.00183 5.33E-04 1.66E-04 6.99E-04 
18006.3 0.00191 5.33E-04 1.68E-04 7.00E-04 
18006.35 0.00197 5.33E-04 1.69E-04 7.02E-04 
18006.4 0.00201 5.33E-04 1.70E-04 7.03E-04 
18006.45 0.00204 5.33E-04 1.72E-04 7.05E-04 
18006.5 0.00206 5.33E-04 1.73E-04 7.06E-04 
18006.55 0.00207 5.32E-04 1.75E-04 7.07E-04 
18006.6 0.00206 5.32E-04 1.77E-04 7.09E-04 
18006.65 0.00204 5.32E-04 1.78E-04 7.10E-04 
18006.7 0.00202 5.32E-04 1.80E-04 7.12E-04 
18006.75 0.00198 5.31E-04 1.81E-04 7.13E-04 
18006.8 0.00195 5.31E-04 1.83E-04 7.14E-04 
18006.85 0.00191 5.31E-04 1.85E-04 7.16E-04 
18006.9 0.00187 5.30E-04 1.87E-04 7.17E-04 
18006.95 0.00183 5.30E-04 1.88E-04 7.18E-04 
18007 0.00179 5.29E-04 1.90E-04 7.19E-04 
18007.05 0.00175 5.29E-04 1.92E-04 7.21E-04 
18007.1 0.00173 5.28E-04 1.94E-04 7.22E-04 
18007.15 0.0017 5.28E-04 1.96E-04 7.23E-04 
18007.2 0.00169 5.27E-04 1.98E-04 7.24E-04 
18007.25 0.00169 5.26E-04 1.99E-04 7.26E-04 
18007.3 0.0017 5.25E-04 2.01E-04 7.27E-04 
18007.35 0.00171 5.25E-04 2.03E-04 7.28E-04 
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18007.4 0.00173 5.24E-04 2.05E-04 7.29E-04 
18007.45 0.00176 5.23E-04 2.07E-04 7.30E-04 
18007.5 0.0018 5.22E-04 2.09E-04 7.32E-04 
18007.55 0.00183 5.21E-04 2.12E-04 7.33E-04 
18007.6 0.00187 5.20E-04 2.14E-04 7.34E-04 
18007.65 0.0019 5.19E-04 2.16E-04 7.35E-04 
18007.7 0.00194 5.18E-04 2.18E-04 7.36E-04 
18007.75 0.00197 5.17E-04 2.20E-04 7.37E-04 
18007.8 0.00199 5.16E-04 2.22E-04 7.38E-04 
18007.85 0.00201 5.14E-04 2.25E-04 7.39E-04 
18007.9 0.00202 5.13E-04 2.27E-04 7.40E-04 
18007.95 0.00202 5.12E-04 2.29E-04 7.41E-04 
18008 0.00201 5.10E-04 2.32E-04 7.42E-04 
18008.05 0.00199 5.09E-04 2.34E-04 7.43E-04 
18008.1 0.00195 5.08E-04 2.37E-04 7.44E-04 
18008.15 0.0019 5.06E-04 2.39E-04 7.45E-04 
18008.2 0.00185 5.04E-04 2.41E-04 7.46E-04 
18008.25 0.00178 5.03E-04 2.44E-04 7.47E-04 
18008.3 0.00171 5.01E-04 2.47E-04 7.48E-04 
18008.35 0.00163 4.99E-04 2.49E-04 7.49E-04 
18008.4 0.00155 4.98E-04 2.52E-04 7.49E-04 
18008.45 0.00146 4.96E-04 2.54E-04 7.50E-04 
18008.5 0.00137 4.94E-04 2.57E-04 7.51E-04 
18008.55 0.00128 4.92E-04 2.60E-04 7.52E-04 
18008.6 0.00119 4.90E-04 2.62E-04 7.53E-04 
18008.65 0.00109 4.89E-04 2.65E-04 7.54E-04 
18008.7 0.00101 4.87E-04 2.68E-04 7.54E-04 
18008.75 9.22E-04 4.85E-04 2.71E-04 7.55E-04 
18008.8 8.41E-04 4.83E-04 2.73E-04 7.56E-04 
18008.85 7.67E-04 4.81E-04 2.76E-04 7.57E-04 
18008.9 6.99E-04 4.79E-04 2.79E-04 7.57E-04 
18008.95 6.35E-04 4.76E-04 2.82E-04 7.58E-04 
18009 5.77E-04 4.74E-04 2.85E-04 7.59E-04 
18009.05 5.24E-04 4.72E-04 2.88E-04 7.60E-04 
18009.1 4.76E-04 4.70E-04 2.90E-04 7.60E-04 
18009.15 4.31E-04 4.68E-04 2.93E-04 7.61E-04 
18009.2 3.91E-04 4.66E-04 2.96E-04 7.62E-04 
18009.25 3.55E-04 4.63E-04 2.99E-04 7.63E-04 
18009.3 3.21E-04 4.61E-04 3.02E-04 7.63E-04 
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18009.35 2.91E-04 4.59E-04 3.05E-04 7.64E-04 
18009.4 2.64E-04 4.57E-04 3.08E-04 7.65E-04 
18009.45 2.39E-04 4.54E-04 3.11E-04 7.66E-04 
18009.5 2.17E-04 4.52E-04 3.14E-04 7.66E-04 
18009.55 1.96E-04 4.50E-04 3.17E-04 7.67E-04 
18009.6 1.77E-04 4.47E-04 3.20E-04 7.68E-04 
18009.65 1.60E-04 4.45E-04 3.23E-04 7.68E-04 
18009.7 1.45E-04 4.43E-04 3.26E-04 7.69E-04 
18009.75 1.33E-04 4.40E-04 3.30E-04 7.70E-04 
18009.8 1.25E-04 4.38E-04 3.33E-04 7.70E-04 
18009.85 1.22E-04 4.36E-04 3.36E-04 7.71E-04 
18009.9 1.25E-04 4.33E-04 3.39E-04 7.72E-04 
18009.95 1.35E-04 4.31E-04 3.42E-04 7.73E-04 
18010 1.52E-04 4.28E-04 3.45E-04 7.73E-04 
18010.05 1.78E-04 4.26E-04 3.48E-04 7.74E-04 
18010.1 2.13E-04 4.24E-04 3.51E-04 7.75E-04 
18010.15 2.59E-04 4.21E-04 3.54E-04 7.76E-04 
18010.2 3.15E-04 4.19E-04 3.57E-04 7.76E-04 
18010.25 3.84E-04 4.17E-04 3.60E-04 7.77E-04 
18010.3 4.65E-04 4.14E-04 3.64E-04 7.78E-04 
18010.35 5.60E-04 4.12E-04 3.67E-04 7.79E-04 
18010.4 6.70E-04 4.10E-04 3.70E-04 7.79E-04 
18010.45 7.96E-04 4.07E-04 3.73E-04 7.80E-04 
18010.5 9.36E-04 4.05E-04 3.76E-04 7.81E-04 
18010.55 0.00109 4.03E-04 3.79E-04 7.82E-04 
18010.6 0.00125 4.00E-04 3.82E-04 7.83E-04 
18010.65 0.00142 3.98E-04 3.85E-04 7.83E-04 
18010.7 0.00159 3.96E-04 3.88E-04 7.84E-04 
18010.75 0.00176 3.94E-04 3.91E-04 7.85E-04 
18010.8 0.00193 3.91E-04 3.95E-04 7.86E-04 
18010.85 0.0021 3.89E-04 3.98E-04 7.87E-04 
18010.9 0.00226 3.87E-04 4.01E-04 7.88E-04 
18010.95 0.00241 3.85E-04 4.04E-04 7.89E-04 
18011 0.00255 3.83E-04 4.07E-04 7.90E-04 
18011.05 0.00267 3.81E-04 4.10E-04 7.90E-04 
18011.1 0.00278 3.79E-04 4.13E-04 7.91E-04 
18011.15 0.00286 3.77E-04 4.16E-04 7.92E-04 
18011.2 0.00292 3.75E-04 4.19E-04 7.93E-04 
18011.25 0.00296 3.73E-04 4.22E-04 7.94E-04 
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18011.3 0.00297 3.71E-04 4.25E-04 7.95E-04 
18011.35 0.00295 3.69E-04 4.28E-04 7.96E-04 
18011.4 0.00292 3.67E-04 4.31E-04 7.97E-04 
18011.45 0.00286 3.65E-04 4.33E-04 7.99E-04 
18011.5 0.00278 3.63E-04 4.36E-04 8.00E-04 
18011.55 0.00268 3.61E-04 4.39E-04 8.01E-04 
18011.6 0.00256 3.60E-04 4.42E-04 8.02E-04 
18011.65 0.00242 3.58E-04 4.45E-04 8.03E-04 
18011.7 0.00227 3.56E-04 4.48E-04 8.04E-04 
18011.75 0.0021 3.55E-04 4.51E-04 8.05E-04 
18011.8 0.00192 3.53E-04 4.53E-04 8.07E-04 
18011.85 0.00173 3.52E-04 4.56E-04 8.08E-04 
18011.9 0.00152 3.50E-04 4.59E-04 8.09E-04 
18011.95 0.00131 3.49E-04 4.62E-04 8.10E-04 
18012 0.00109 3.47E-04 4.64E-04 8.12E-04 
18012.05 8.57E-04 3.46E-04 4.67E-04 8.13E-04 
18012.1 6.24E-04 3.45E-04 4.70E-04 8.14E-04 
18012.15 3.88E-04 3.44E-04 4.72E-04 8.16E-04 
18012.2 1.55E-04 3.42E-04 4.75E-04 8.17E-04 
18012.25 -7.31E-05 3.41E-04 4.77E-04 8.19E-04 
18012.3 -2.93E-04 3.40E-04 4.80E-04 8.20E-04 
18012.35 -5.01E-04 3.39E-04 4.82E-04 8.22E-04 
18012.4 -6.95E-04 3.38E-04 4.85E-04 8.23E-04 
18012.45 -8.70E-04 3.38E-04 4.87E-04 8.25E-04 
18012.5 -0.00102 3.37E-04 4.90E-04 8.26E-04 
18012.55 -0.00115 3.36E-04 4.92E-04 8.28E-04 
18012.6 -0.00126 3.35E-04 4.94E-04 8.30E-04 
18012.65 -0.00133 3.35E-04 4.97E-04 8.31E-04 
18012.7 -0.00136 3.34E-04 4.99E-04 8.33E-04 
18012.75 -0.00136 3.34E-04 5.01E-04 8.35E-04 
18012.8 -0.00132 3.33E-04 5.03E-04 8.37E-04 
18012.85 -0.00124 3.33E-04 5.06E-04 8.39E-04 
18012.9 -0.00111 3.33E-04 5.08E-04 8.40E-04 
18012.95 -9.55E-04 3.32E-04 5.10E-04 8.42E-04 
18013 -7.68E-04 3.32E-04 5.12E-04 8.44E-04 
18013.05 -5.57E-04 3.32E-04 5.14E-04 8.46E-04 
18013.1 -3.28E-04 3.32E-04 5.16E-04 8.48E-04 
18013.15 -8.56E-05 3.32E-04 5.18E-04 8.50E-04 
18013.2 1.65E-04 3.33E-04 5.20E-04 8.52E-04 
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18013.25 4.18E-04 3.33E-04 5.22E-04 8.54E-04 
18013.3 6.69E-04 3.33E-04 5.23E-04 8.57E-04 
18013.35 9.13E-04 3.34E-04 5.25E-04 8.59E-04 
18013.4 0.00114 3.34E-04 5.27E-04 8.61E-04 
18013.45 0.00136 3.35E-04 5.28E-04 8.63E-04 
18013.5 0.00154 3.36E-04 5.30E-04 8.66E-04 
18013.55 0.00171 3.36E-04 5.32E-04 8.68E-04 
18013.6 0.00183 3.37E-04 5.33E-04 8.70E-04 
18013.65 0.00192 3.38E-04 5.35E-04 8.73E-04 
18013.7 0.00197 3.39E-04 5.36E-04 8.75E-04 
18013.75 0.002 3.40E-04 5.38E-04 8.78E-04 
18013.8 0.00199 3.42E-04 5.39E-04 8.81E-04 
18013.85 0.00196 3.43E-04 5.40E-04 8.83E-04 
18013.9 0.0019 3.44E-04 5.41E-04 8.86E-04 
18013.95 0.00183 3.46E-04 5.43E-04 8.89E-04 
18014 0.00175 3.48E-04 5.44E-04 8.91E-04 
18014.05 0.00165 3.49E-04 5.45E-04 8.94E-04 
18014.1 0.00155 3.51E-04 5.46E-04 8.97E-04 
18014.15 0.00144 3.53E-04 5.47E-04 9.00E-04 
18014.2 0.00134 3.55E-04 5.48E-04 9.03E-04 
18014.25 0.00124 3.57E-04 5.49E-04 9.06E-04 
18014.3 0.00114 3.60E-04 5.49E-04 9.09E-04 
18014.35 0.00106 3.62E-04 5.50E-04 9.12E-04 
18014.4 9.88E-04 3.64E-04 5.51E-04 9.15E-04 
18014.45 9.36E-04 3.67E-04 5.51E-04 9.18E-04 
18014.5 8.99E-04 3.70E-04 5.52E-04 9.22E-04 
18014.55 8.78E-04 3.73E-04 5.52E-04 9.25E-04 
18014.6 8.71E-04 3.75E-04 5.53E-04 9.28E-04 
18014.65 8.77E-04 3.78E-04 5.53E-04 9.32E-04 
18014.7 8.95E-04 3.82E-04 5.54E-04 9.35E-04 
18014.75 9.25E-04 3.85E-04 5.54E-04 9.39E-04 
18014.8 9.64E-04 3.88E-04 5.54E-04 9.42E-04 
18014.85 0.00101 3.92E-04 5.54E-04 9.46E-04 
18014.9 0.00107 3.95E-04 5.54E-04 9.50E-04 
18014.95 0.00113 3.99E-04 5.54E-04 9.53E-04 
18015 0.0012 4.03E-04 5.54E-04 9.57E-04 
18015.05 0.00128 4.07E-04 5.54E-04 9.61E-04 
18015.1 0.00136 4.11E-04 5.54E-04 9.65E-04 
18015.15 0.00144 4.16E-04 5.54E-04 9.69E-04 
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18015.2 0.00153 4.20E-04 5.53E-04 9.73E-04 
18015.25 0.00161 4.24E-04 5.53E-04 9.77E-04 
18015.3 0.0017 4.29E-04 5.52E-04 9.81E-04 
18015.35 0.00178 4.34E-04 5.52E-04 9.86E-04 
18015.4 0.00186 4.39E-04 5.51E-04 9.90E-04 
18015.45 0.00194 4.44E-04 5.50E-04 9.94E-04 
18015.5 0.00202 4.49E-04 5.50E-04 9.99E-04 
18015.55 0.00209 4.54E-04 5.49E-04 0.001 
18015.6 0.00216 4.60E-04 5.48E-04 0.00101 
18015.65 0.00222 4.66E-04 5.47E-04 0.00101 
18015.7 0.00227 4.71E-04 5.46E-04 0.00102 
18015.75 0.00232 4.77E-04 5.44E-04 0.00102 
18015.8 0.00235 4.83E-04 5.43E-04 0.00103 
18015.85 0.00238 4.90E-04 5.42E-04 0.00103 
18015.9 0.00239 4.96E-04 5.40E-04 0.00104 
18015.95 0.0024 5.02E-04 5.39E-04 0.00104 
18016 0.00239 5.09E-04 5.37E-04 0.00105 
18016.05 0.00237 5.16E-04 5.36E-04 0.00105 
18016.1 0.00233 5.23E-04 5.34E-04 0.00106 
18016.15 0.00228 5.30E-04 5.32E-04 0.00106 
18016.2 0.00223 5.37E-04 5.30E-04 0.00107 
18016.25 0.00216 5.44E-04 5.28E-04 0.00107 
18016.3 0.00209 5.52E-04 5.26E-04 0.00108 
18016.35 0.00201 5.60E-04 5.24E-04 0.00108 
18016.4 0.00192 5.68E-04 5.22E-04 0.00109 
18016.45 0.00183 5.76E-04 5.20E-04 0.0011 
18016.5 0.00174 5.84E-04 5.17E-04 0.0011 
18016.55 0.00165 5.92E-04 5.15E-04 0.00111 
18016.6 0.00156 6.01E-04 5.12E-04 0.00111 
18016.65 0.00147 6.10E-04 5.09E-04 0.00112 
18016.7 0.00138 6.18E-04 5.06E-04 0.00112 
18016.75 0.0013 6.27E-04 5.04E-04 0.00113 
18016.8 0.00122 6.37E-04 5.01E-04 0.00114 
18016.85 0.00115 6.46E-04 4.98E-04 0.00114 
18016.9 0.00109 6.56E-04 4.94E-04 0.00115 
18016.95 0.00103 6.65E-04 4.91E-04 0.00116 
18017 9.75E-04 6.75E-04 4.88E-04 0.00116 
18017.05 9.24E-04 6.85E-04 4.84E-04 0.00117 
18017.1 8.75E-04 6.96E-04 4.81E-04 0.00118 
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18017.15 8.28E-04 7.06E-04 4.77E-04 0.00118 
18017.2 7.81E-04 7.17E-04 4.73E-04 0.00119 
18017.25 7.33E-04 7.27E-04 4.70E-04 0.0012 
18017.3 6.84E-04 7.38E-04 4.66E-04 0.0012 
18017.35 6.32E-04 7.49E-04 4.62E-04 0.00121 
18017.4 5.76E-04 7.61E-04 4.57E-04 0.00122 
18017.45 5.16E-04 7.72E-04 4.53E-04 0.00123 
18017.5 4.50E-04 7.84E-04 4.49E-04 0.00123 
18017.55 3.77E-04 7.96E-04 4.44E-04 0.00124 
18017.6 2.97E-04 8.08E-04 4.40E-04 0.00125 
18017.65 2.09E-04 8.20E-04 4.35E-04 0.00126 
18017.7 1.14E-04 8.33E-04 4.30E-04 0.00126 
18017.75 1.49E-05 8.45E-04 4.25E-04 0.00127 
18017.8 -8.65E-05 8.58E-04 4.20E-04 0.00128 
18017.85 -1.88E-04 8.71E-04 4.15E-04 0.00129 
18017.9 -2.87E-04 8.85E-04 4.10E-04 0.00129 
18017.95 -3.81E-04 8.98E-04 4.05E-04 0.0013 
18018 -4.69E-04 9.12E-04 3.99E-04 0.00131 
18018.05 -5.47E-04 9.26E-04 3.94E-04 0.00132 
18018.1 -6.14E-04 9.40E-04 3.88E-04 0.00133 
18018.15 -6.68E-04 9.54E-04 3.83E-04 0.00134 
18018.2 -7.06E-04 9.68E-04 3.77E-04 0.00135 
18018.25 -7.26E-04 9.83E-04 3.71E-04 0.00135 
18018.3 -7.26E-04 9.98E-04 3.65E-04 0.00136 
18018.35 -7.03E-04 0.00101 3.58E-04 0.00137 
18018.4 -6.55E-04 0.00103 3.52E-04 0.00138 
18018.45 -5.82E-04 0.00104 3.46E-04 0.00139 
18018.5 -4.84E-04 0.00106 3.39E-04 0.0014 
18018.55 -3.64E-04 0.00107 3.33E-04 0.00141 
18018.6 -2.24E-04 0.00109 3.26E-04 0.00142 
18018.65 -6.63E-05 0.00111 3.19E-04 0.00143 
18018.7 1.06E-04 0.00112 3.13E-04 0.00144 
18018.75 2.91E-04 0.00114 3.06E-04 0.00144 
18018.8 4.87E-04 0.00116 2.99E-04 0.00145 
18018.85 6.91E-04 0.00117 2.92E-04 0.00146 
18018.9 9.01E-04 0.00119 2.85E-04 0.00147 
18018.95 0.00111 0.00121 2.77E-04 0.00148 
18019 0.00133 0.00122 2.70E-04 0.00149 
18019.05 0.00154 0.00124 2.63E-04 0.0015 
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18019.1 0.00175 0.00126 2.55E-04 0.00151 
18019.15 0.00196 0.00127 2.48E-04 0.00152 
18019.2 0.00216 0.00129 2.41E-04 0.00153 
18019.25 0.00234 0.00131 2.33E-04 0.00154 
18019.3 0.00252 0.00133 2.25E-04 0.00155 
18019.35 0.00268 0.00135 2.18E-04 0.00156 
18019.4 0.00283 0.00136 2.10E-04 0.00157 
18019.45 0.00297 0.00138 2.02E-04 0.00158 
18019.5 0.00309 0.0014 1.95E-04 0.00159 
18019.55 0.00319 0.00142 1.87E-04 0.0016 
18019.6 0.00327 0.00144 1.79E-04 0.00161 
18019.65 0.00333 0.00145 1.71E-04 0.00162 
18019.7 0.00337 0.00147 1.63E-04 0.00163 
18019.75 0.00339 0.00149 1.55E-04 0.00165 
18019.8 0.00339 0.00151 1.47E-04 0.00166 
18019.85 0.00336 0.00153 1.40E-04 0.00167 
18019.9 0.00331 0.00155 1.32E-04 0.00168 
18019.95 0.00323 0.00156 1.24E-04 0.00169 
18020 0.00312 0.00158 1.16E-04 0.0017 
18020.05 0.00298 0.0016 1.08E-04 0.00171 
18020.1 0.00281 0.00162 9.96E-05 0.00172 
18020.15 0.00262 0.00164 9.16E-05 0.00173 
18020.2 0.00241 0.00166 8.36E-05 0.00174 
18020.25 0.00218 0.00168 7.56E-05 0.00175 
18020.3 0.00193 0.00169 6.76E-05 0.00176 
18020.35 0.00168 0.00171 5.96E-05 0.00177 
18020.4 0.00142 0.00173 5.17E-05 0.00178 
18020.45 0.00115 0.00175 4.37E-05 0.00179 
18020.5 8.85E-04 0.00177 3.57E-05 0.0018 
18020.55 6.23E-04 0.00179 2.78E-05 0.00182 
18020.6 3.68E-04 0.00181 1.99E-05 0.00183 
18020.65 1.23E-04 0.00182 1.20E-05 0.00184 
18020.7 -1.07E-04 0.00184 4.19E-06 0.00185 
18020.75 -3.21E-04 0.00186 -3.63E-06 0.00186 
18020.8 -5.13E-04 0.00188 -1.14E-05 0.00187 
18020.85 -6.81E-04 0.0019 -1.92E-05 0.00188 
18020.9 -8.24E-04 0.00192 -2.69E-05 0.00189 
18020.95 -9.43E-04 0.00194 -3.46E-05 0.0019 
18021 -0.00104 0.00195 -4.22E-05 0.00191 
 248 
18021.05 -0.00111 0.00197 -4.98E-05 0.00192 
18021.1 -0.00117 0.00199 -5.73E-05 0.00193 
18021.15 -0.0012 0.00201 -6.48E-05 0.00194 
18021.2 -0.00122 0.00203 -7.22E-05 0.00195 
18021.25 -0.00121 0.00204 -7.96E-05 0.00196 
18021.3 -0.00119 0.00206 -8.69E-05 0.00197 
18021.35 -0.00116 0.00208 -9.41E-05 0.00199 
18021.4 -0.0011 0.0021 -1.01E-04 0.002 
18021.45 -0.00104 0.00211 -1.08E-04 0.00201 
18021.5 -9.59E-04 0.00213 -1.15E-04 0.00202 
18021.55 -8.67E-04 0.00215 -1.22E-04 0.00203 
18021.6 -7.65E-04 0.00217 -1.29E-04 0.00204 
18021.65 -6.52E-04 0.00218 -1.36E-04 0.00205 
18021.7 -5.30E-04 0.0022 -1.43E-04 0.00206 
18021.75 -4.01E-04 0.00222 -1.49E-04 0.00207 
18021.8 -2.65E-04 0.00223 -1.56E-04 0.00208 
18021.85 -1.24E-04 0.00225 -1.63E-04 0.00209 
18021.9 1.98E-05 0.00227 -1.69E-04 0.0021 
18021.95 1.66E-04 0.00228 -1.75E-04 0.00211 
18022 3.13E-04 0.0023 -1.81E-04 0.00212 
18022.05 4.60E-04 0.00232 -1.87E-04 0.00213 
18022.1 6.04E-04 0.00233 -1.93E-04 0.00214 
18022.15 7.45E-04 0.00235 -1.99E-04 0.00215 
18022.2 8.82E-04 0.00236 -2.05E-04 0.00216 
18022.25 0.00101 0.00238 -2.11E-04 0.00217 
18022.3 0.00114 0.00239 -2.16E-04 0.00218 
18022.35 0.00125 0.00241 -2.22E-04 0.00219 
18022.4 0.00135 0.00242 -2.27E-04 0.0022 
18022.45 0.00145 0.00244 -2.32E-04 0.00221 
18022.5 0.00153 0.00245 -2.37E-04 0.00222 
18022.55 0.0016 0.00247 -2.42E-04 0.00223 
18022.6 0.00166 0.00248 -2.47E-04 0.00223 
18022.65 0.00172 0.0025 -2.51E-04 0.00224 
18022.7 0.00177 0.00251 -2.56E-04 0.00225 
18022.75 0.00182 0.00252 -2.60E-04 0.00226 
18022.8 0.00186 0.00254 -2.64E-04 0.00227 
18022.85 0.0019 0.00255 -2.69E-04 0.00228 
18022.9 0.00193 0.00256 -2.73E-04 0.00229 
18022.95 0.00197 0.00257 -2.76E-04 0.0023 
 249 
18023 0.002 0.00259 -2.80E-04 0.00231 
18023.05 0.00204 0.0026 -2.83E-04 0.00232 
18023.1 0.00208 0.00261 -2.87E-04 0.00232 
18023.15 0.00212 0.00262 -2.90E-04 0.00233 
18023.2 0.00217 0.00263 -2.93E-04 0.00234 
18023.25 0.00222 0.00264 -2.96E-04 0.00235 
18023.3 0.00228 0.00266 -2.98E-04 0.00236 
18023.35 0.00234 0.00267 -3.01E-04 0.00237 
18023.4 0.0024 0.00268 -3.03E-04 0.00237 
18023.45 0.00246 0.00269 -3.05E-04 0.00238 
18023.5 0.00252 0.0027 -3.07E-04 0.00239 
18023.55 0.00257 0.00271 -3.09E-04 0.0024 
18023.6 0.00262 0.00271 -3.10E-04 0.0024 
18023.65 0.00267 0.00272 -3.12E-04 0.00241 
18023.7 0.0027 0.00273 -3.13E-04 0.00242 
18023.75 0.00273 0.00274 -3.14E-04 0.00243 
18023.8 0.00275 0.00275 -3.15E-04 0.00243 
18023.85 0.00275 0.00276 -3.15E-04 0.00244 
18023.9 0.00274 0.00276 -3.16E-04 0.00245 
18023.95 0.00271 0.00277 -3.16E-04 0.00245 
18024 0.00267 0.00278 -3.16E-04 0.00246 
18024.05 0.00261 0.00278 -3.16E-04 0.00247 
18024.1 0.00254 0.00279 -3.15E-04 0.00247 
18024.15 0.00245 0.00279 -3.15E-04 0.00248 
18024.2 0.00234 0.0028 -3.14E-04 0.00249 
18024.25 0.00223 0.0028 -3.13E-04 0.00249 
18024.3 0.00211 0.00281 -3.11E-04 0.0025 
18024.35 0.00198 0.00281 -3.10E-04 0.0025 
18024.4 0.00184 0.00282 -3.08E-04 0.00251 
18024.45 0.00171 0.00282 -3.06E-04 0.00251 
18024.5 0.00157 0.00282 -3.04E-04 0.00252 
18024.55 0.00143 0.00283 -3.01E-04 0.00252 
18024.6 0.00129 0.00283 -2.99E-04 0.00253 
18024.65 0.00116 0.00283 -2.96E-04 0.00253 
18024.7 0.00103 0.00283 -2.92E-04 0.00254 
18024.75 9.12E-04 0.00283 -2.89E-04 0.00254 
18024.8 8.02E-04 0.00283 -2.85E-04 0.00255 
18024.85 7.04E-04 0.00283 -2.81E-04 0.00255 
18024.9 6.18E-04 0.00283 -2.77E-04 0.00256 
 250 
18024.95 5.45E-04 0.00283 -2.72E-04 0.00256 
18025 4.85E-04 0.00283 -2.68E-04 0.00256 
18025.05 4.37E-04 0.00283 -2.63E-04 0.00257 
18025.1 4.03E-04 0.00283 -2.57E-04 0.00257 
18025.15 3.82E-04 0.00283 -2.52E-04 0.00258 
18025.2 3.74E-04 0.00282 -2.46E-04 0.00258 
18025.25 3.80E-04 0.00282 -2.40E-04 0.00258 
18025.3 4.00E-04 0.00282 -2.33E-04 0.00258 
18025.35 4.34E-04 0.00281 -2.27E-04 0.00259 
18025.4 4.82E-04 0.00281 -2.20E-04 0.00259 
18025.45 5.45E-04 0.0028 -2.13E-04 0.00259 
18025.5 6.22E-04 0.0028 -2.05E-04 0.00259 
18025.55 7.13E-04 0.00279 -1.97E-04 0.0026 
18025.6 8.20E-04 0.00279 -1.89E-04 0.0026 
18025.65 9.42E-04 0.00278 -1.81E-04 0.0026 
18025.7 0.00108 0.00277 -1.72E-04 0.0026 
18025.75 0.00122 0.00277 -1.63E-04 0.0026 
18025.8 0.00138 0.00276 -1.54E-04 0.0026 
18025.85 0.00154 0.00275 -1.44E-04 0.0026 
18025.9 0.00171 0.00274 -1.34E-04 0.0026 
18025.95 0.00188 0.00273 -1.24E-04 0.00261 
18026 0.00205 0.00272 -1.13E-04 0.00261 
18026.05 0.00222 0.00271 -1.02E-04 0.00261 
18026.1 0.00238 0.0027 -9.09E-05 0.00261 
18026.15 0.00253 0.00268 -7.94E-05 0.00261 
18026.2 0.00268 0.00267 -6.75E-05 0.00261 
18026.25 0.00281 0.00266 -5.52E-05 0.0026 
18026.3 0.00293 0.00265 -4.27E-05 0.0026 
18026.35 0.00303 0.00263 -2.98E-05 0.0026 
18026.4 0.00312 0.00262 -1.65E-05 0.0026 
18026.45 0.00318 0.0026 -2.96E-06 0.0026 
18026.5 0.00322 0.00259 1.10E-05 0.0026 
18026.55 0.00324 0.00257 2.52E-05 0.0026 
18026.6 0.00325 0.00255 3.99E-05 0.00259 
18026.65 0.00323 0.00254 5.48E-05 0.00259 
18026.7 0.00321 0.00252 7.02E-05 0.00259 
18026.75 0.00317 0.0025 8.59E-05 0.00259 
18026.8 0.00311 0.00248 1.02E-04 0.00258 
18026.85 0.00305 0.00246 1.18E-04 0.00258 
 251 
18026.9 0.00298 0.00244 1.35E-04 0.00258 
18026.95 0.0029 0.00242 1.52E-04 0.00257 
18027 0.00281 0.0024 1.70E-04 0.00257 
18027.05 0.00272 0.00238 1.88E-04 0.00257 
18027.1 0.00263 0.00236 2.06E-04 0.00256 
18027.15 0.00253 0.00233 2.25E-04 0.00256 
18027.2 0.00244 0.00231 2.44E-04 0.00255 
18027.25 0.00234 0.00228 2.63E-04 0.00255 
18027.3 0.00225 0.00226 2.83E-04 0.00254 
18027.35 0.00216 0.00223 3.03E-04 0.00254 
18027.4 0.00207 0.00221 3.24E-04 0.00253 
18027.45 0.00198 0.00218 3.45E-04 0.00252 
18027.5 0.00189 0.00215 3.66E-04 0.00252 
18027.55 0.0018 0.00212 3.88E-04 0.00251 
18027.6 0.00171 0.00209 4.10E-04 0.0025 
18027.65 0.00161 0.00206 4.33E-04 0.0025 
18027.7 0.00152 0.00203 4.56E-04 0.00249 
18027.75 0.00142 0.002 4.79E-04 0.00248 
18027.8 0.00132 0.00197 5.03E-04 0.00247 
18027.85 0.00122 0.00194 5.27E-04 0.00247 
18027.9 0.00112 0.00191 5.52E-04 0.00246 
18027.95 0.00101 0.00187 5.77E-04 0.00245 
18028 8.98E-04 0.00184 6.03E-04 0.00244 
18028.05 7.82E-04 0.0018 6.29E-04 0.00243 
18028.1 6.64E-04 0.00177 6.55E-04 0.00242 
18028.15 5.45E-04 0.00173 6.82E-04 0.00241 
18028.2 4.26E-04 0.00169 7.09E-04 0.0024 
18028.25 3.10E-04 0.00166 7.37E-04 0.00239 
18028.3 1.99E-04 0.00162 7.65E-04 0.00238 
18028.35 9.38E-05 0.00158 7.94E-04 0.00237 
18028.4 -3.57E-06 0.00154 8.23E-04 0.00236 
18028.45 -9.13E-05 0.0015 8.52E-04 0.00235 
18028.5 -1.68E-04 0.00146 8.81E-04 0.00234 
18028.55 -2.31E-04 0.00142 9.11E-04 0.00233 
18028.6 -2.79E-04 0.00137 9.42E-04 0.00232 
18028.65 -3.11E-04 0.00133 9.72E-04 0.0023 
18028.7 -3.25E-04 0.00129 0.001 0.00229 
18028.75 -3.18E-04 0.00125 0.00103 0.00228 
18028.8 -2.89E-04 0.0012 0.00107 0.00227 
 252 
18028.85 -2.38E-04 0.00116 0.0011 0.00225 
18028.9 -1.64E-04 0.00111 0.00113 0.00224 
18028.95 -7.16E-05 0.00107 0.00116 0.00223 
18029 3.88E-05 0.00102 0.0012 0.00222 
18029.05 1.65E-04 9.74E-04 0.00123 0.0022 
18029.1 3.04E-04 9.27E-04 0.00126 0.00219 
18029.15 4.55E-04 8.80E-04 0.0013 0.00218 
18029.2 6.16E-04 8.33E-04 0.00133 0.00216 
18029.25 7.84E-04 7.85E-04 0.00136 0.00215 
18029.3 9.58E-04 7.37E-04 0.0014 0.00213 
18029.35 0.00113 6.89E-04 0.00143 0.00212 
18029.4 0.00131 6.40E-04 0.00147 0.00211 
18029.45 0.00149 5.91E-04 0.0015 0.00209 
18029.5 0.00167 5.42E-04 0.00154 0.00208 
18029.55 0.00184 4.93E-04 0.00157 0.00206 
18029.6 0.002 4.43E-04 0.00161 0.00205 
18029.65 0.00216 3.93E-04 0.00164 0.00204 
18029.7 0.00231 3.44E-04 0.00168 0.00202 
18029.75 0.00244 2.93E-04 0.00171 0.00201 
18029.8 0.00257 2.43E-04 0.00175 0.00199 
18029.85 0.00269 1.93E-04 0.00178 0.00198 
18029.9 0.00279 1.42E-04 0.00182 0.00196 
18029.95 0.00288 9.13E-05 0.00186 0.00195 
18030 0.00296 4.05E-05 0.00189 0.00193 
18030.05 0.00303 -1.03E-05 0.00193 0.00192 
18030.1 0.00308 -6.12E-05 0.00197 0.0019 
18030.15 0.00312 -1.12E-04 0.002 0.00189 
18030.2 0.00314 -1.63E-04 0.00204 0.00187 
18030.25 0.00315 -2.14E-04 0.00207 0.00186 
18030.3 0.00314 -2.65E-04 0.00211 0.00185 
18030.35 0.00311 -3.16E-04 0.00215 0.00183 
18030.4 0.00307 -3.67E-04 0.00218 0.00182 
18030.45 0.00301 -4.18E-04 0.00222 0.0018 
18030.5 0.00293 -4.69E-04 0.00226 0.00179 
18030.55 0.00283 -5.19E-04 0.00229 0.00177 
18030.6 0.00272 -5.70E-04 0.00233 0.00176 
18030.65 0.0026 -6.20E-04 0.00236 0.00174 
18030.7 0.00248 -6.71E-04 0.0024 0.00173 
18030.75 0.00235 -7.21E-04 0.00244 0.00172 
 253 
18030.8 0.00221 -7.71E-04 0.00247 0.0017 
18030.85 0.00208 -8.20E-04 0.00251 0.00169 
18030.9 0.00194 -8.70E-04 0.00254 0.00167 
18030.95 0.00181 -9.19E-04 0.00258 0.00166 
18031 0.00169 -9.68E-04 0.00262 0.00165 
18031.05 0.00157 -0.00102 0.00265 0.00163 
18031.1 0.00147 -0.00107 0.00269 0.00162 
18031.15 0.00138 -0.00111 0.00272 0.00161 
18031.2 0.0013 -0.00116 0.00276 0.00159 
18031.25 0.00124 -0.00121 0.00279 0.00158 
18031.3 0.00121 -0.00126 0.00283 0.00157 
18031.35 0.00118 -0.0013 0.00286 0.00156 
18031.4 0.00118 -0.00135 0.0029 0.00154 
18031.45 0.00119 -0.0014 0.00293 0.00153 
18031.5 0.00122 -0.00144 0.00296 0.00152 
18031.55 0.00126 -0.00149 0.003 0.00151 
18031.6 0.00131 -0.00153 0.00303 0.0015 
18031.65 0.00138 -0.00158 0.00306 0.00149 
18031.7 0.00146 -0.00162 0.0031 0.00147 
18031.75 0.00155 -0.00167 0.00313 0.00146 
18031.8 0.00164 -0.00171 0.00316 0.00145 
18031.85 0.00175 -0.00175 0.00319 0.00144 
18031.9 0.00187 -0.00179 0.00322 0.00143 
18031.95 0.00199 -0.00183 0.00326 0.00142 
18032 0.00212 -0.00187 0.00329 0.00141 
18032.05 0.00225 -0.00191 0.00332 0.0014 
18032.1 0.00239 -0.00195 0.00335 0.00139 
18032.15 0.00253 -0.00199 0.00338 0.00139 
18032.2 0.00267 -0.00203 0.00341 0.00138 
18032.25 0.0028 -0.00207 0.00344 0.00137 
18032.3 0.00294 -0.00211 0.00347 0.00136 
18032.35 0.00307 -0.00214 0.0035 0.00135 
18032.4 0.0032 -0.00218 0.00352 0.00135 
18032.45 0.00331 -0.00221 0.00355 0.00134 
18032.5 0.00342 -0.00225 0.00358 0.00133 
18032.55 0.00352 -0.00228 0.00361 0.00132 
18032.6 0.0036 -0.00231 0.00363 0.00132 
18032.65 0.00367 -0.00235 0.00366 0.00131 
18032.7 0.00373 -0.00238 0.00368 0.00131 
 254 
18032.75 0.00376 -0.00241 0.00371 0.0013 
18032.8 0.00378 -0.00244 0.00373 0.0013 
18032.85 0.00377 -0.00247 0.00376 0.00129 
18032.9 0.00375 -0.00249 0.00378 0.00129 
18032.95 0.00371 -0.00252 0.00381 0.00129 
18033 0.00365 -0.00255 0.00383 0.00128 
18033.05 0.00358 -0.00257 0.00385 0.00128 
18033.1 0.0035 -0.0026 0.00387 0.00128 
18033.15 0.00341 -0.00262 0.00389 0.00128 
18033.2 0.00331 -0.00264 0.00391 0.00127 
18033.25 0.00321 -0.00266 0.00393 0.00127 
18033.3 0.00311 -0.00268 0.00395 0.00127 
18033.35 0.00301 -0.0027 0.00397 0.00127 
18033.4 0.00291 -0.00272 0.00399 0.00127 
18033.45 0.00282 -0.00274 0.00401 0.00127 
18033.5 0.00274 -0.00275 0.00403 0.00127 
18033.55 0.00266 -0.00277 0.00404 0.00128 
18033.6 0.0026 -0.00278 0.00406 0.00128 
18033.65 0.00255 -0.00279 0.00407 0.00128 
18033.7 0.00251 -0.00281 0.00409 0.00128 
18033.75 0.00248 -0.00282 0.0041 0.00129 
18033.8 0.00247 -0.00283 0.00412 0.00129 
18033.85 0.00247 -0.00283 0.00413 0.00129 
18033.9 0.00248 -0.00284 0.00414 0.0013 
18033.95 0.00251 -0.00285 0.00415 0.00131 
18034 0.00254 -0.00285 0.00416 0.00131 
18034.05 0.00258 -0.00285 0.00417 0.00132 
18034.1 0.00263 -0.00286 0.00418 0.00132 
18034.15 0.00268 -0.00286 0.00419 0.00133 
18034.2 0.00275 -0.00286 0.0042 0.00134 
18034.25 0.00281 -0.00285 0.0042 0.00135 
18034.3 0.00289 -0.00285 0.00421 0.00136 
18034.35 0.00297 -0.00285 0.00422 0.00137 
18034.4 0.00305 -0.00284 0.00422 0.00138 
18034.45 0.00314 -0.00283 0.00422 0.00139 
18034.5 0.00323 -0.00283 0.00423 0.0014 
18034.55 0.00333 -0.00281 0.00423 0.00141 
18034.6 0.00342 -0.0028 0.00423 0.00143 
18034.65 0.00351 -0.00279 0.00423 0.00144 
 255 
18034.7 0.00359 -0.00278 0.00423 0.00145 
18034.75 0.00368 -0.00276 0.00423 0.00147 
18034.8 0.00376 -0.00274 0.00423 0.00148 
18034.85 0.00383 -0.00272 0.00422 0.0015 
18034.9 0.00389 -0.0027 0.00422 0.00152 
18034.95 0.00394 -0.00268 0.00422 0.00153 
18035 0.00399 -0.00266 0.00421 0.00155 
18035.05 0.00402 -0.00263 0.0042 0.00157 
18035.1 0.00404 -0.00261 0.0042 0.00159 
18035.15 0.00404 -0.00258 0.00419 0.00161 
18035.2 0.00403 -0.00255 0.00418 0.00163 
18035.25 0.004 -0.00252 0.00417 0.00165 
18035.3 0.00395 -0.00248 0.00416 0.00167 
18035.35 0.0039 -0.00245 0.00414 0.0017 
18035.4 0.00383 -0.00241 0.00413 0.00172 
18035.45 0.00376 -0.00237 0.00412 0.00174 
18035.5 0.00368 -0.00233 0.0041 0.00177 
18035.55 0.00359 -0.00229 0.00409 0.0018 
18035.6 0.00351 -0.00225 0.00407 0.00182 
18035.65 0.00343 -0.0022 0.00405 0.00185 
18035.7 0.00334 -0.00215 0.00403 0.00188 
18035.75 0.00327 -0.00211 0.00401 0.00191 
18035.8 0.0032 -0.00206 0.00399 0.00193 
18035.85 0.00314 -0.002 0.00397 0.00196 
18035.9 0.00309 -0.00195 0.00394 0.002 
18035.95 0.00306 -0.00189 0.00392 0.00203 
18036 0.00304 -0.00183 0.00389 0.00206 
18036.05 0.00304 -0.00177 0.00387 0.00209 
18036.1 0.00306 -0.00171 0.00384 0.00213 
18036.15 0.0031 -0.00165 0.00381 0.00216 
18036.2 0.00314 -0.00158 0.00378 0.0022 
18036.25 0.0032 -0.00151 0.00375 0.00223 
18036.3 0.00328 -0.00144 0.00372 0.00227 
18036.35 0.00336 -0.00137 0.00368 0.00231 
18036.4 0.00345 -0.0013 0.00365 0.00235 
18036.45 0.00355 -0.00122 0.00361 0.00239 
18036.5 0.00366 -0.00114 0.00357 0.00243 
18036.55 0.00377 -0.00106 0.00354 0.00247 
18036.6 0.00389 -9.81E-04 0.0035 0.00252 
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18036.65 0.00401 -8.97E-04 0.00346 0.00256 
18036.7 0.00413 -8.10E-04 0.00341 0.0026 
18036.75 0.00425 -7.22E-04 0.00337 0.00265 
18036.8 0.00438 -6.31E-04 0.00333 0.00269 
18036.85 0.0045 -5.38E-04 0.00328 0.00274 
18036.9 0.00461 -4.43E-04 0.00323 0.00279 
18036.95 0.00473 -3.46E-04 0.00318 0.00284 
18037 0.00484 -2.46E-04 0.00313 0.00289 
18037.05 0.00494 -1.45E-04 0.00308 0.00294 
18037.1 0.00503 -4.07E-05 0.00303 0.00299 
18037.15 0.00511 6.55E-05 0.00298 0.00304 
18037.2 0.00518 1.74E-04 0.00292 0.0031 
18037.25 0.00524 2.85E-04 0.00287 0.00315 
18037.3 0.00529 3.98E-04 0.00281 0.00321 
18037.35 0.00532 5.14E-04 0.00275 0.00326 
18037.4 0.00534 6.31E-04 0.00269 0.00332 
18037.45 0.00534 7.52E-04 0.00263 0.00338 
18037.5 0.00531 8.74E-04 0.00257 0.00344 
18037.55 0.00527 9.99E-04 0.0025 0.0035 
18037.6 0.00521 0.00113 0.00244 0.00356 
18037.65 0.00512 0.00126 0.00237 0.00362 
18037.7 0.00502 0.00139 0.0023 0.00369 
18037.75 0.00489 0.00152 0.00223 0.00375 
18037.8 0.00475 0.00166 0.00216 0.00382 
18037.85 0.00461 0.0018 0.00208 0.00388 
18037.9 0.00445 0.00194 0.00201 0.00395 
18037.95 0.00429 0.00209 0.00193 0.00402 
18038 0.00413 0.00224 0.00186 0.00409 
18038.05 0.00398 0.00239 0.00178 0.00416 
18038.1 0.00383 0.00254 0.0017 0.00423 
18038.15 0.00369 0.00269 0.00161 0.00431 
18038.2 0.00357 0.00285 0.00153 0.00438 
18038.25 0.00346 0.003 0.00145 0.00444 
18038.3 0.00338 0.00314 0.00136 0.0045 
18038.35 0.00332 0.00329 0.00127 0.00456 
18038.4 0.00329 0.00342 0.00118 0.0046 
18038.45 0.00329 0.00354 0.00109 0.00463 
18038.5 0.00333 0.00365 0.001 0.00465 
18038.55 0.00339 0.00374 9.08E-04 0.00465 
 257 
18038.6 0.00347 0.00381 8.14E-04 0.00462 
18038.65 0.00358 0.00385 7.19E-04 0.00457 
18038.7 0.00371 0.00387 6.23E-04 0.00449 
18038.75 0.00385 0.00385 5.26E-04 0.00438 
18038.8 0.004 0.0038 4.27E-04 0.00423 
18038.85 0.00416 0.00371 3.28E-04 0.00404 
18038.9 0.00433 0.0036 2.27E-04 0.00383 
18038.95 0.00449 0.00347 1.26E-04 0.0036 
18039 0.00466 0.00334 2.35E-05 0.00336 
18039.05 0.00482 0.00322 -7.97E-05 0.00314 
18039.1 0.00497 0.00312 -1.84E-04 0.00293 
18039.15 0.00511 0.00305 -2.89E-04 0.00276 
18039.2 0.00524 0.00303 -3.94E-04 0.00263 
18039.25 0.00534 0.00304 -5.00E-04 0.00254 
18039.3 0.00543 0.00308 -6.07E-04 0.00247 
18039.35 0.00551 0.00314 -7.15E-04 0.00243 
18039.4 0.00556 0.00322 -8.23E-04 0.0024 
18039.45 0.00561 0.00332 -9.32E-04 0.00239 
18039.5 0.00563 0.00343 -0.00104 0.00239 
18039.55 0.00565 0.00354 -0.00115 0.00239 
18039.6 0.00565 0.00365 -0.00126 0.00239 
18039.65 0.00565 0.00376 -0.00137 0.00239 
18039.7 0.00563 0.00386 -0.00148 0.00237 
18039.75 0.00561 0.00395 -0.0016 0.00235 
18039.8 0.00558 0.00402 -0.00171 0.00231 
18039.85 0.00554 0.00408 -0.00182 0.00226 
18039.9 0.0055 0.00411 -0.00193 0.00218 
18039.95 0.00545 0.00412 -0.00205 0.00208 
18040 0.0054 0.0041 -0.00216 0.00194 
18040.05 0.00535 0.00404 -0.00227 0.00177 
18040.1 0.0053 0.00394 -0.00239 0.00155 
18040.15 0.00525 0.00379 -0.0025 0.00129 
18040.2 0.0052 0.00359 -0.00261 9.78E-04 
18040.25 0.00515 0.00335 -0.00273 6.23E-04 
18040.3 0.00511 0.00311 -0.00284 2.71E-04 
18040.35 0.00508 0.00292 -0.00295 -2.91E-05 
18040.4 0.00505 0.00284 -0.00307 -2.25E-04 
18040.45 0.00503 0.00291 -0.00318 -2.68E-04 
18040.5 0.00502 0.00319 -0.00329 -1.05E-04 
 258 
18040.55 0.00501 0.00372 -0.0034 3.13E-04 
18040.6 0.00503 0.00454 -0.00352 0.00102 
18040.65 0.00505 0.00557 -0.00363 0.00194 
18040.7 0.00509 0.00671 -0.00374 0.00297 
18040.75 0.00514 0.00786 -0.00385 0.004 
18040.8 0.00521 0.00889 -0.00396 0.00493 
18040.85 0.00529 0.00971 -0.00408 0.00563 
18040.9 0.0054 0.0102 -0.00419 0.00601 
18040.95 0.00551 0.01028 -0.0043 0.00599 
18041 0.00564 0.00999 -0.00441 0.00558 
18041.05 0.00577 0.00939 -0.00451 0.00487 
18041.1 0.00591 0.00854 -0.00462 0.00392 
18041.15 0.00605 0.00753 -0.00473 0.0028 
18041.2 0.00619 0.00641 -0.00484 0.00157 
18041.25 0.00633 0.00526 -0.00494 3.14E-04 
18041.3 0.00646 0.00413 -0.00505 -9.14E-04 
18041.35 0.00659 0.00311 -0.00515 -0.00205 
18041.4 0.00671 0.00223 -0.00526 -0.00303 
18041.45 0.00681 0.00156 -0.00536 -0.0038 
18041.5 0.0069 0.00116 -0.00546 -0.00431 
18041.55 0.00697 0.00108 -0.00556 -0.00448 
18041.6 0.00702 0.00139 -0.00567 -0.00428 
18041.65 0.00705 0.00212 -0.00576 -0.00364 
18041.7 0.00705 0.00321 -0.00586 -0.00265 
18041.75 0.00704 0.00451 -0.00596 -0.00145 
18041.8 0.00702 0.00588 -0.00606 -1.75E-04 
18041.85 0.00698 0.00719 -0.00615 0.00104 
18041.9 0.00693 0.0083 -0.00625 0.00205 
18041.95 0.00688 0.00906 -0.00634 0.00273 
18042 0.00682 0.00938 -0.00643 0.00295 
18042.05 0.00676 0.00929 -0.00652 0.00277 
18042.1 0.0067 0.00891 -0.00661 0.0023 
18042.15 0.00664 0.00833 -0.0067 0.00163 
18042.2 0.00659 0.00766 -0.00678 8.80E-04 
18042.25 0.00655 0.00701 -0.00687 1.45E-04 
18042.3 0.00652 0.00648 -0.00695 -4.68E-04 
18042.35 0.0065 0.00616 -0.00703 -8.73E-04 
18042.4 0.0065 0.00603 -0.00711 -0.00108 
18042.45 0.00652 0.00606 -0.00719 -0.00113 
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18042.5 0.00655 0.0062 -0.00727 -0.00107 
18042.55 0.00661 0.00641 -0.00735 -9.40E-04 
18042.6 0.00667 0.00664 -0.00742 -7.76E-04 
18042.65 0.00675 0.00687 -0.00749 -6.24E-04 
18042.7 0.00684 0.00704 -0.00756 -5.23E-04 
18042.75 0.00695 0.00715 -0.00763 -4.81E-04 
18042.8 0.00706 0.00721 -0.0077 -4.88E-04 
18042.85 0.00718 0.00723 -0.00777 -5.32E-04 
18042.9 0.0073 0.00723 -0.00783 -6.02E-04 
18042.95 0.00743 0.0072 -0.00789 -6.87E-04 
18043 0.00757 0.00717 -0.00795 -7.75E-04 
18043.05 0.0077 0.00715 -0.00801 -8.57E-04 
18043.1 0.00784 0.00713 -0.00806 -9.28E-04 
18043.15 0.00798 0.00713 -0.00812 -9.88E-04 
18043.2 0.00811 0.00713 -0.00817 -0.00104 
18043.25 0.00824 0.00714 -0.00822 -0.00107 
18043.3 0.00837 0.00717 -0.00826 -0.0011 
18043.35 0.0085 0.0072 -0.00831 -0.00111 
18043.4 0.00862 0.00724 -0.00835 -0.00111 
18043.45 0.00874 0.00729 -0.00839 -0.0011 
18043.5 0.00886 0.00736 -0.00843 -0.00107 
18043.55 0.00898 0.00744 -0.00847 -0.00102 
18043.6 0.0091 0.00755 -0.0085 -9.53E-04 
18043.65 0.00921 0.00768 -0.00853 -8.55E-04 
18043.7 0.00933 0.00783 -0.00856 -7.28E-04 
18043.75 0.00945 0.00802 -0.00858 -5.68E-04 
18043.8 0.00957 0.00822 -0.00861 -3.84E-04 
18043.85 0.00968 0.00844 -0.00863 -1.91E-04 
18043.9 0.0098 0.00864 -0.00865 -6.08E-06 
18043.95 0.00992 0.00882 -0.00866 1.54E-04 
18044 0.01004 0.00895 -0.00868 2.72E-04 
18044.05 0.01017 0.00902 -0.00869 3.33E-04 
18044.1 0.01029 0.00901 -0.0087 3.19E-04 
18044.15 0.01042 0.00893 -0.0087 2.32E-04 
18044.2 0.01054 0.00879 -0.0087 8.62E-05 
18044.25 0.01067 0.0086 -0.0087 -1.03E-04 
18044.3 0.0108 0.00838 -0.0087 -3.20E-04 
18044.35 0.01092 0.00814 -0.00869 -5.52E-04 
18044.4 0.01104 0.0079 -0.00868 -7.82E-04 
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18044.45 0.01115 0.00767 -0.00867 -9.95E-04 
18044.5 0.01127 0.00748 -0.00865 -0.00118 
18044.55 0.01137 0.00733 -0.00864 -0.0013 
18044.6 0.01148 0.00725 -0.00861 -0.00136 
18044.65 0.01157 0.00727 -0.00859 -0.00133 
18044.7 0.01166 0.00738 -0.00856 -0.00118 
18044.75 0.01174 0.00763 -0.00853 -9.00E-04 
18044.8 0.01182 0.00802 -0.0085 -4.73E-04 
18044.85 0.01188 0.00855 -0.00846 8.91E-05 
18044.9 0.01194 0.00915 -0.00842 7.32E-04 
18044.95 0.01198 0.00977 -0.00838 0.0014 
18045 0.01203 0.01036 -0.00833 0.00203 
18045.05 0.01206 0.01085 -0.00828 0.00258 
18045.1 0.01209 0.0112 -0.00822 0.00298 
18045.15 0.01212 0.01134 -0.00816 0.00318 
18045.2 0.01215 0.01127 -0.0081 0.00317 
18045.25 0.01218 0.01101 -0.00804 0.00297 
18045.3 0.01221 0.01061 -0.00797 0.00264 
18045.35 0.01224 0.01009 -0.0079 0.00219 
18045.4 0.01227 0.0095 -0.00782 0.00167 
18045.45 0.01231 0.00886 -0.00774 0.00112 
18045.5 0.01235 0.00821 -0.00766 5.53E-04 
18045.55 0.0124 0.00759 -0.00757 1.68E-05 
18045.6 0.01246 0.00701 -0.00748 -4.68E-04 
18045.65 0.01253 0.00651 -0.00739 -8.78E-04 
18045.7 0.0126 0.0061 -0.00729 -0.00119 
18045.75 0.01269 0.00581 -0.00719 -0.00138 
18045.8 0.01278 0.00566 -0.00708 -0.00143 
18045.85 0.01288 0.00567 -0.00697 -0.0013 
18045.9 0.01298 0.00584 -0.00686 -0.00101 
18045.95 0.01309 0.00614 -0.00674 -5.97E-04 
18046 0.01321 0.00652 -0.00662 -9.85E-05 
18046.05 0.01332 0.00693 -0.00649 4.38E-04 
18046.1 0.01345 0.00733 -0.00636 9.67E-04 
18046.15 0.01357 0.00767 -0.00622 0.00144 
18046.2 0.01369 0.00791 -0.00609 0.00183 
18046.25 0.01381 0.00804 -0.00594 0.0021 
18046.3 0.01394 0.0081 -0.00579 0.0023 
18046.35 0.01406 0.00811 -0.00564 0.00247 
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18046.4 0.01418 0.00813 -0.00549 0.00264 
18046.45 0.0143 0.00818 -0.00533 0.00286 
18046.5 0.01441 0.00831 -0.00516 0.00315 
18046.55 0.01452 0.00855 -0.00499 0.00356 
18046.6 0.01463 0.00892 -0.00482 0.0041 
18046.65 0.01474 0.00939 -0.00464 0.00475 
18046.7 0.01484 0.00992 -0.00446 0.00546 
18046.75 0.01494 0.01047 -0.00427 0.0062 
18046.8 0.01503 0.011 -0.00407 0.00693 
18046.85 0.01512 0.01148 -0.00388 0.0076 
18046.9 0.0152 0.01185 -0.00368 0.00818 
18046.95 0.01529 0.01211 -0.00347 0.00864 
18047 0.01536 0.01227 -0.00326 0.00901 
18047.05 0.01543 0.01235 -0.00304 0.00931 
18047.1 0.0155 0.0124 -0.00282 0.00958 
18047.15 0.01556 0.01243 -0.00259 0.00984 
18047.2 0.01562 0.01248 -0.00236 0.01011 
18047.25 0.01568 0.01256 -0.00213 0.01044 
18047.3 0.01572 0.01271 -0.00189 0.01082 
18047.35 0.01577 0.0129 -0.00164 0.01126 
18047.4 0.01581 0.01313 -0.00139 0.01174 
18047.45 0.01585 0.01338 -0.00113 0.01225 
18047.5 0.01588 0.01365 -8.71E-04 0.01277 
18047.55 0.01592 0.01391 -6.05E-04 0.0133 
18047.6 0.01595 0.01415 -3.33E-04 0.01382 
18047.65 0.01599 0.01437 -5.58E-05 0.01431 
18047.7 0.01602 0.01457 2.27E-04 0.0148 
18047.75 0.01606 0.01476 5.14E-04 0.01527 
18047.8 0.0161 0.01495 8.07E-04 0.01575 
18047.85 0.01614 0.01514 0.00111 0.01625 
18047.9 0.01618 0.01536 0.00141 0.01677 
18047.95 0.01623 0.0156 0.00172 0.01732 
18048 0.01628 0.01587 0.00203 0.01791 
18048.05 0.01634 0.01617 0.00235 0.01853 
18048.1 0.0164 0.01649 0.00268 0.01917 
18048.15 0.01647 0.01681 0.00301 0.01982 
18048.2 0.01654 0.01712 0.00334 0.02046 
18048.25 0.01662 0.01742 0.00366 0.02109 
18048.3 0.0167 0.0177 0.00397 0.02167 
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18048.35 0.01679 0.01794 0.00427 0.0222 
18048.4 0.01689 0.01812 0.00453 0.02265 
18048.45 0.01699 0.0182 0.00477 0.02297 
18048.5 0.01709 0.01817 0.00497 0.02314 
18048.55 0.0172 0.01799 0.00513 0.02312 
18048.6 0.01731 0.01764 0.00524 0.02289 
18048.65 0.01743 0.0171 0.0053 0.0224 
18048.7 0.01755 0.01634 0.00532 0.02165 
18048.75 0.01768 0.01544 0.0053 0.02073 
18048.8 0.01782 0.0145 0.00525 0.01975 
18048.85 0.01795 0.01363 0.00519 0.01882 
18048.9 0.0181 0.01294 0.00513 0.01806 
18048.95 0.01825 0.01252 0.00506 0.01758 
18049 0.0184 0.01249 0.005 0.01749 
18049.05 0.01857 0.01291 0.00497 0.01788 
18049.1 0.01874 0.01372 0.00497 0.01869 
18049.15 0.01892 0.0148 0.005 0.0198 
18049.2 0.01911 0.01603 0.00506 0.02109 
18049.25 0.0193 0.01729 0.00515 0.02244 
18049.3 0.01951 0.01847 0.00525 0.02373 
18049.35 0.01973 0.01945 0.00537 0.02482 
18049.4 0.01996 0.02014 0.00549 0.02563 
18049.45 0.02021 0.02053 0.0056 0.02614 
18049.5 0.02046 0.02065 0.00571 0.02636 
18049.55 0.02073 0.02051 0.0058 0.02631 
18049.6 0.02101 0.02015 0.00586 0.02601 
18049.65 0.02131 0.01957 0.0059 0.02547 
18049.7 0.02162 0.01881 0.00591 0.02472 
18049.75 0.02195 0.01789 0.0059 0.02379 
18049.8 0.02228 0.01688 0.00588 0.02275 
18049.85 0.02263 0.01587 0.00584 0.0217 
18049.9 0.023 0.01495 0.00579 0.02074 
18049.95 0.02337 0.01422 0.00575 0.01996 
18050 0.02376 0.01376 0.0057 0.01946 
18050.05 0.02415 0.01368 0.00566 0.01935 
18050.1 0.02456 0.01405 0.00564 0.01969 
18050.15 0.02497 0.01482 0.00563 0.02045 
18050.2 0.0254 0.0159 0.00564 0.02154 
18050.25 0.02583 0.01718 0.00566 0.02284 
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18050.3 0.02627 0.01855 0.00571 0.02426 
18050.35 0.02672 0.01992 0.00578 0.02569 
18050.4 0.02718 0.02117 0.00586 0.02704 
18050.45 0.02764 0.02223 0.00597 0.0282 
18050.5 0.02811 0.02307 0.00611 0.02918 
18050.55 0.02857 0.02373 0.00626 0.03 
18050.6 0.02904 0.02423 0.00644 0.03067 
18050.65 0.0295 0.02459 0.00664 0.03124 
18050.7 0.02995 0.02484 0.00686 0.0317 
18050.75 0.0304 0.02499 0.0071 0.03209 
18050.8 0.03083 0.02508 0.00734 0.03242 
18050.85 0.03125 0.02511 0.00759 0.0327 
18050.9 0.03164 0.02511 0.00783 0.03294 
18050.95 0.03202 0.0251 0.00805 0.03315 
18051 0.03238 0.02509 0.00827 0.03336 
18051.05 0.03271 0.0251 0.00845 0.03356 
18051.1 0.03301 0.02516 0.00861 0.03377 
18051.15 0.03327 0.02527 0.00874 0.03401 
18051.2 0.03351 0.02545 0.00884 0.03429 
18051.25 0.03371 0.0257 0.00892 0.03463 
18051.3 0.03388 0.02603 0.00899 0.03502 
18051.35 0.03402 0.02643 0.00905 0.03548 
18051.4 0.03413 0.02692 0.0091 0.03602 
18051.45 0.03423 0.02749 0.00916 0.03665 
18051.5 0.03432 0.02815 0.00923 0.03738 
18051.55 0.03439 0.02888 0.00931 0.03819 
18051.6 0.03446 0.02965 0.00941 0.03906 
18051.65 0.03453 0.03043 0.00954 0.03997 
18051.7 0.03461 0.0312 0.00969 0.04089 
18051.75 0.03469 0.03193 0.00984 0.04177 
18051.8 0.03479 0.03259 0.01 0.04259 
18051.85 0.0349 0.03315 0.01016 0.04331 
18051.9 0.03504 0.03359 0.0103 0.04389 
18051.95 0.0352 0.03388 0.01043 0.04432 
18052 0.03539 0.03401 0.01054 0.04455 
18052.05 0.03562 0.03395 0.01061 0.04456 
18052.1 0.03588 0.03367 0.01065 0.04432 
18052.15 0.03617 0.03315 0.01064 0.0438 
18052.2 0.03649 0.03239 0.0106 0.04299 
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18052.25 0.03685 0.03139 0.01053 0.04192 
18052.3 0.03723 0.03027 0.01043 0.0407 
18052.35 0.03763 0.02911 0.0103 0.03941 
18052.4 0.03806 0.028 0.01017 0.03817 
18052.45 0.03852 0.02704 0.01002 0.03706 
18052.5 0.039 0.02632 0.00986 0.03618 
18052.55 0.03949 0.02593 0.00971 0.03563 
18052.6 0.04001 0.02588 0.00956 0.03543 
18052.65 0.04054 0.02612 0.00941 0.03553 
18052.7 0.04109 0.0266 0.00929 0.03589 
18052.75 0.04166 0.02727 0.00918 0.03645 
18052.8 0.04224 0.02807 0.0091 0.03716 
18052.85 0.04283 0.02894 0.00904 0.03798 
18052.9 0.04343 0.02985 0.00901 0.03886 
18052.95 0.04404 0.03073 0.00903 0.03975 
18053 0.04465 0.03154 0.00908 0.04062 
18053.05 0.04526 0.03224 0.00918 0.04141 
18053.1 0.04587 0.03278 0.00933 0.04211 
18053.15 0.04648 0.03313 0.00953 0.04265 
18053.2 0.04708 0.03323 0.00977 0.043 
18053.25 0.04766 0.03305 0.01006 0.04311 
18053.3 0.04823 0.0326 0.01038 0.04298 
18053.35 0.04878 0.03195 0.01072 0.04267 
18053.4 0.04931 0.03119 0.01109 0.04227 
18053.45 0.04982 0.0304 0.01146 0.04186 
18053.5 0.0503 0.02967 0.01184 0.04151 
18053.55 0.05075 0.02909 0.01222 0.04131 
18053.6 0.05116 0.02873 0.01259 0.04133 
18053.65 0.05154 0.02865 0.01295 0.0416 
18053.7 0.05189 0.02884 0.01329 0.04213 
18053.75 0.0522 0.02931 0.01361 0.04293 
18053.8 0.05249 0.03005 0.01392 0.04397 
18053.85 0.05277 0.03107 0.01421 0.04528 
18053.9 0.05302 0.03236 0.01447 0.04683 
18053.95 0.05327 0.03392 0.01472 0.04864 
18054 0.05352 0.03571 0.01494 0.05065 
18054.05 0.05376 0.03764 0.01513 0.05278 
18054.1 0.05402 0.03963 0.01531 0.05494 
18054.15 0.05428 0.04159 0.01545 0.05705 
 265 
18054.2 0.05457 0.04344 0.01558 0.05902 
18054.25 0.05487 0.04508 0.01568 0.06077 
18054.3 0.05521 0.04643 0.01577 0.06221 
18054.35 0.05557 0.04745 0.01585 0.0633 
18054.4 0.05598 0.04814 0.01592 0.06406 
18054.45 0.05643 0.04855 0.01598 0.06453 
18054.5 0.05693 0.0487 0.01603 0.06474 
18054.55 0.05746 0.04864 0.01609 0.06473 
18054.6 0.05803 0.04838 0.01615 0.06454 
18054.65 0.05863 0.04798 0.01622 0.0642 
18054.7 0.05925 0.04744 0.01629 0.06374 
18054.75 0.0599 0.04683 0.01637 0.0632 
18054.8 0.06056 0.04616 0.01645 0.06262 
18054.85 0.06124 0.04549 0.01654 0.06203 
18054.9 0.06192 0.04483 0.01663 0.06146 
18054.95 0.06261 0.04423 0.01672 0.06095 
18055 0.0633 0.04373 0.01681 0.06054 
18055.05 0.06399 0.04335 0.0169 0.06025 
18055.1 0.06466 0.0431 0.01699 0.06009 
18055.15 0.06532 0.04299 0.01708 0.06007 
18055.2 0.06597 0.04303 0.01717 0.0602 
18055.25 0.06659 0.04323 0.01725 0.06048 
18055.3 0.06719 0.04359 0.01734 0.06093 
18055.35 0.06776 0.04414 0.01742 0.06156 
18055.4 0.06831 0.04485 0.0175 0.06236 
18055.45 0.06883 0.04573 0.01759 0.06332 
18055.5 0.06933 0.04675 0.01767 0.06442 
18055.55 0.06979 0.04787 0.01776 0.06563 
18055.6 0.07024 0.04908 0.01784 0.06692 
18055.65 0.07065 0.05036 0.01793 0.06828 
18055.7 0.07103 0.05167 0.01801 0.06968 
18055.75 0.07139 0.05299 0.01809 0.07108 
18055.8 0.07172 0.05428 0.01816 0.07244 
18055.85 0.07201 0.05548 0.01822 0.0737 
18055.9 0.07228 0.05655 0.01828 0.07483 
18055.95 0.07251 0.05745 0.01832 0.07577 
18056 0.07272 0.05812 0.01834 0.07646 
18056.05 0.07289 0.05852 0.01835 0.07687 
18056.1 0.07304 0.05862 0.01834 0.07697 
 266 
18056.15 0.07316 0.05847 0.01831 0.07678 
18056.2 0.07328 0.05808 0.01827 0.07634 
18056.25 0.07339 0.05749 0.01822 0.07571 
18056.3 0.07351 0.05674 0.01817 0.07491 
18056.35 0.07364 0.05586 0.01813 0.07399 
18056.4 0.07378 0.05489 0.01811 0.07299 
18056.45 0.07396 0.05385 0.01811 0.07196 
18056.5 0.07417 0.05281 0.01813 0.07095 
18056.55 0.07443 0.05181 0.0182 0.07001 
18056.6 0.07474 0.05091 0.0183 0.06921 
18056.65 0.0751 0.05015 0.01846 0.06861 
18056.7 0.07554 0.04959 0.01866 0.06825 
18056.75 0.07604 0.04928 0.0189 0.06818 
18056.8 0.07663 0.04925 0.01918 0.06843 
18056.85 0.07731 0.04946 0.0195 0.06896 
18056.9 0.07808 0.04985 0.01985 0.06969 
18056.95 0.07893 0.05034 0.02022 0.07056 
18057 0.07985 0.05088 0.02062 0.0715 
18057.05 0.08083 0.0514 0.02104 0.07243 
18057.1 0.08188 0.05182 0.02147 0.0733 
18057.15 0.08298 0.05213 0.02192 0.07405 
18057.2 0.08412 0.05238 0.02238 0.07476 
18057.25 0.0853 0.05267 0.02285 0.07552 
18057.3 0.08652 0.0531 0.02332 0.07642 
18057.35 0.08776 0.05374 0.02381 0.07755 
18057.4 0.08902 0.0547 0.0243 0.079 
18057.45 0.09029 0.05607 0.02479 0.08086 
18057.5 0.09157 0.05792 0.02528 0.0832 
18057.55 0.09284 0.06019 0.02578 0.08597 
18057.6 0.09411 0.06279 0.02627 0.08906 
18057.65 0.09536 0.0656 0.02676 0.09236 
18057.7 0.09659 0.06852 0.02725 0.09576 
18057.75 0.0978 0.07143 0.02773 0.09916 
18057.8 0.09899 0.07424 0.0282 0.10244 
18057.85 0.10016 0.07684 0.02867 0.10551 
18057.9 0.10131 0.07922 0.02913 0.10834 
18057.95 0.10243 0.08136 0.02958 0.11094 
18058 0.10353 0.08329 0.03002 0.1133 
18058.05 0.1046 0.085 0.03044 0.11544 
 267 
18058.1 0.10564 0.08649 0.03085 0.11735 
18058.15 0.10665 0.08779 0.03125 0.11904 
18058.2 0.10763 0.08887 0.03163 0.1205 
18058.25 0.10858 0.08973 0.03199 0.12172 
18058.3 0.10949 0.09035 0.03232 0.12267 
18058.35 0.11037 0.09071 0.03262 0.12334 
18058.4 0.11122 0.09078 0.0329 0.12368 
18058.45 0.11203 0.09055 0.03313 0.12369 
18058.5 0.1128 0.08999 0.03333 0.12333 
18058.55 0.11355 0.0891 0.03349 0.12259 
18058.6 0.11427 0.08795 0.0336 0.12155 
18058.65 0.11497 0.08662 0.03367 0.12028 
18058.7 0.11566 0.08519 0.03369 0.11888 
18058.75 0.11634 0.08376 0.03367 0.11743 
18058.8 0.11702 0.0824 0.03362 0.11602 
18058.85 0.11769 0.08121 0.03354 0.11475 
18058.9 0.11838 0.08026 0.03344 0.1137 
18058.95 0.11907 0.07959 0.03333 0.11292 
18059 0.11977 0.07921 0.0332 0.11241 
18059.05 0.1205 0.07913 0.03307 0.1122 
18059.1 0.12125 0.07936 0.03294 0.1123 
18059.15 0.12203 0.07991 0.03282 0.11273 
18059.2 0.12285 0.0808 0.03271 0.1135 
18059.25 0.1237 0.08201 0.03261 0.11462 
18059.3 0.12459 0.08349 0.03253 0.11602 
18059.35 0.12552 0.08511 0.03248 0.11758 
18059.4 0.12648 0.08675 0.03245 0.1192 
18059.45 0.12746 0.0883 0.03245 0.12075 
18059.5 0.12848 0.08965 0.03249 0.12214 
18059.55 0.12952 0.09069 0.03256 0.12325 
18059.6 0.13058 0.0913 0.03268 0.12398 
18059.65 0.13166 0.09154 0.03285 0.12439 
18059.7 0.13276 0.0915 0.03307 0.12456 
18059.75 0.13387 0.09128 0.03333 0.12462 
18059.8 0.13499 0.091 0.03365 0.12465 
18059.85 0.13613 0.09074 0.03401 0.12476 
18059.9 0.13726 0.09062 0.03443 0.12505 
18059.95 0.1384 0.09072 0.0349 0.12562 
18060 0.13955 0.09107 0.03542 0.12649 
 268 
18060.05 0.14068 0.0916 0.036 0.1276 
18060.1 0.14182 0.09225 0.03663 0.12888 
18060.15 0.14295 0.09296 0.03732 0.13028 
18060.2 0.14407 0.09366 0.03805 0.13171 
18060.25 0.14518 0.0943 0.03882 0.13312 
18060.3 0.14628 0.09481 0.03962 0.13443 
18060.35 0.14736 0.09522 0.04045 0.13567 
18060.4 0.14843 0.09561 0.04128 0.13689 
18060.45 0.14948 0.09607 0.04213 0.1382 
18060.5 0.15051 0.09668 0.04297 0.13965 
18060.55 0.15151 0.09754 0.0438 0.14134 
18060.6 0.1525 0.09872 0.04462 0.14334 
18060.65 0.15345 0.10031 0.04541 0.14572 
18060.7 0.15437 0.10227 0.04617 0.14844 
18060.75 0.15527 0.10451 0.04691 0.15142 
18060.8 0.15613 0.10693 0.04762 0.15455 
18060.85 0.15695 0.10944 0.0483 0.15774 
18060.9 0.15774 0.11194 0.04894 0.16089 
18060.95 0.15849 0.11435 0.04956 0.16391 
18061 0.15921 0.11656 0.05014 0.1667 
18061.05 0.15989 0.11853 0.05069 0.16922 
18061.1 0.16052 0.12027 0.0512 0.17147 
18061.15 0.16112 0.12181 0.05167 0.17348 
18061.2 0.16168 0.12317 0.05211 0.17528 
18061.25 0.1622 0.12437 0.05252 0.17689 
18061.3 0.16268 0.12543 0.05289 0.17832 
18061.35 0.16311 0.12637 0.05324 0.17961 
18061.4 0.16351 0.12721 0.05357 0.18078 
18061.45 0.16385 0.12795 0.05388 0.18183 
18061.5 0.16416 0.12862 0.05417 0.18278 
18061.55 0.16442 0.12921 0.05444 0.18364 
18061.6 0.16464 0.12973 0.05469 0.18443 
18061.65 0.16481 0.13021 0.05494 0.18515 
18061.7 0.16493 0.13063 0.05517 0.1858 
18061.75 0.16502 0.131 0.05537 0.18637 
18061.8 0.16507 0.13128 0.05554 0.18682 
18061.85 0.16508 0.13142 0.05567 0.18709 
18061.9 0.16505 0.1314 0.05576 0.18716 
18061.95 0.165 0.13117 0.05579 0.18696 
 269 
18062 0.16492 0.13071 0.05576 0.18647 
18062.05 0.16481 0.12997 0.05567 0.18564 
18062.1 0.16468 0.12897 0.0555 0.18447 
18062.15 0.16453 0.12776 0.05525 0.18301 
18062.2 0.16436 0.12638 0.05493 0.18131 
18062.25 0.16418 0.12487 0.05456 0.17943 
18062.3 0.16398 0.12329 0.05414 0.17743 
18062.35 0.16377 0.12168 0.05369 0.17537 
18062.4 0.16355 0.12009 0.05321 0.1733 
18062.45 0.16333 0.11857 0.05273 0.1713 
18062.5 0.16309 0.11716 0.05225 0.16941 
18062.55 0.16284 0.1159 0.05178 0.16768 
18062.6 0.16256 0.11484 0.05134 0.16618 
18062.65 0.16225 0.11402 0.05094 0.16496 
18062.7 0.1619 0.11349 0.05057 0.16407 
18062.75 0.16152 0.11329 0.05025 0.16354 
18062.8 0.16108 0.11337 0.04996 0.16333 
18062.85 0.16059 0.11357 0.04971 0.16328 
18062.9 0.16004 0.1137 0.04949 0.1632 
18062.95 0.15942 0.11358 0.04932 0.16289 
18063 0.15874 0.113 0.04917 0.16218 
18063.05 0.15797 0.11181 0.04906 0.16087 
18063.1 0.15712 0.1098 0.04899 0.15879 
18063.15 0.15617 0.10696 0.04895 0.15591 
18063.2 0.15513 0.10348 0.04893 0.1524 
18063.25 0.154 0.09953 0.04892 0.14845 
18063.3 0.15276 0.09532 0.04891 0.14423 
18063.35 0.15144 0.09103 0.04889 0.13992 
18063.4 0.15003 0.08686 0.04886 0.13572 
18063.45 0.14854 0.08299 0.0488 0.13179 
18063.5 0.14697 0.07957 0.0487 0.12827 
18063.55 0.14534 0.07658 0.04856 0.12513 
18063.6 0.14365 0.07397 0.04836 0.12233 
18063.65 0.14191 0.07172 0.0481 0.11982 
18063.7 0.14011 0.06978 0.04778 0.11756 
18063.75 0.13826 0.0681 0.04743 0.11553 
18063.8 0.13638 0.06666 0.04704 0.1137 
18063.85 0.13447 0.0654 0.04664 0.11204 
18063.9 0.13252 0.06427 0.04623 0.1105 
 270 
18063.95 0.13056 0.06323 0.04582 0.10905 
18064 0.12858 0.06222 0.04543 0.10765 
18064.05 0.12658 0.06119 0.04506 0.10625 
18064.1 0.12458 0.06008 0.04473 0.10481 
18064.15 0.12257 0.05885 0.04444 0.10329 
18064.2 0.12055 0.05752 0.04418 0.1017 
18064.25 0.11852 0.05625 0.04394 0.10018 
18064.3 0.11649 0.05523 0.0437 0.09893 
18064.35 0.11446 0.05464 0.04346 0.0981 
18064.4 0.11243 0.05467 0.04319 0.09786 
18064.45 0.11039 0.0555 0.04289 0.0984 
18064.5 0.10836 0.05732 0.04255 0.09987 
18064.55 0.10632 0.06022 0.04214 0.10236 
18064.6 0.10429 0.06382 0.04166 0.10548 
18064.65 0.10227 0.06761 0.0411 0.10871 
18064.7 0.10025 0.07108 0.04045 0.11153 
18064.75 0.09824 0.07372 0.03973 0.11344 
18064.8 0.09623 0.075 0.03893 0.11394 
18064.85 0.09424 0.07443 0.03807 0.1125 
18064.9 0.09225 0.07164 0.03714 0.10878 
18064.95 0.09027 0.0669 0.03616 0.10306 
18065 0.08829 0.06065 0.03512 0.09577 
18065.05 0.08631 0.05333 0.03403 0.08735 
18065.1 0.08433 0.04538 0.03289 0.07827 
18065.15 0.08235 0.03724 0.03172 0.06895 
18065.2 0.08036 0.02934 0.03051 0.05986 
18065.25 0.07837 0.02208 0.02928 0.05136 
18065.3 0.07637 0.01561 0.02803 0.04364 
18065.35 0.07435 0.01007 0.02677 0.03685 
18065.4 0.07232 0.00559 0.02552 0.03111 
18065.45 0.07028 0.0023 0.02427 0.02657 
18065.5 0.06821 3.37E-04 0.02303 0.02337 
18065.55 0.06613 -1.73E-04 0.02182 0.02165 
18065.6 0.06403 7.77E-04 0.02064 0.02142 
18065.65 0.0619 0.00284 0.0195 0.02234 
18065.7 0.05976 0.00561 0.01839 0.024 
18065.75 0.05759 0.00867 0.01731 0.02598 
18065.8 0.0554 0.01162 0.01625 0.02788 
18065.85 0.0532 0.01405 0.01522 0.02927 
 271 
18065.9 0.05098 0.01555 0.01419 0.02975 
18065.95 0.04876 0.01577 0.01318 0.02895 
18066 0.04652 0.01473 0.01217 0.0269 
18066.05 0.04427 0.01262 0.01115 0.02378 
18066.1 0.04201 0.00964 0.01013 0.01977 
18066.15 0.03975 0.00597 0.0091 0.01507 
18066.2 0.03748 0.00179 0.00806 0.00985 
18066.25 0.03522 -0.00269 0.00702 0.00432 
18066.3 0.03295 -0.0073 0.00597 -0.00133 
18066.35 0.03068 -0.01188 0.00493 -0.00695 
18066.4 0.02842 -0.01627 0.0039 -0.01238 
18066.45 0.02616 -0.02033 0.00287 -0.01746 
18066.5 0.02391 -0.02389 0.00186 -0.02203 
18066.55 0.02167 -0.02682 8.60E-04 -0.02596 
18066.6 0.01943 -0.02895 -1.18E-04 -0.02907 
18066.65 0.0172 -0.03019 -0.00107 -0.03126 
18066.7 0.01498 -0.03069 -0.002 -0.03269 
18066.75 0.01277 -0.03068 -0.0029 -0.03358 
18066.8 0.01057 -0.03038 -0.00377 -0.03415 
18066.85 0.00838 -0.03002 -0.0046 -0.03461 
18066.9 0.0062 -0.02983 -0.00538 -0.03521 
18066.95 0.00404 -0.03003 -0.00613 -0.03615 
18067 0.00188 -0.03082 -0.00683 -0.03765 
18067.05 -2.57E-04 -0.03219 -0.00747 -0.03967 
18067.1 -0.00238 -0.03396 -0.00806 -0.04202 
18067.15 -0.0045 -0.03593 -0.0086 -0.04453 
18067.2 -0.00659 -0.03795 -0.00909 -0.04704 
18067.25 -0.00867 -0.03983 -0.00953 -0.04937 
18067.3 -0.01074 -0.0414 -0.00995 -0.05134 
18067.35 -0.01278 -0.04248 -0.01034 -0.05282 
18067.4 -0.01481 -0.0431 -0.01071 -0.05381 
18067.45 -0.01681 -0.04335 -0.01108 -0.05443 
18067.5 -0.0188 -0.04334 -0.01144 -0.05478 
18067.55 -0.02076 -0.04317 -0.01182 -0.05499 
18067.6 -0.02269 -0.04294 -0.01221 -0.05515 
18067.65 -0.02459 -0.04276 -0.01262 -0.05538 
18067.7 -0.02647 -0.04272 -0.01305 -0.05577 
18067.75 -0.02832 -0.04291 -0.0135 -0.05641 
18067.8 -0.03013 -0.0434 -0.01395 -0.05736 
 272 
18067.85 -0.03192 -0.04426 -0.01442 -0.05868 
18067.9 -0.03367 -0.04557 -0.01488 -0.06045 
18067.95 -0.03538 -0.04739 -0.01534 -0.06273 
18068 -0.03706 -0.04981 -0.01579 -0.0656 
18068.05 -0.0387 -0.05287 -0.01623 -0.0691 
18068.1 -0.0403 -0.05645 -0.01665 -0.07311 
18068.15 -0.04186 -0.06022 -0.01706 -0.07728 
18068.2 -0.04339 -0.06384 -0.01744 -0.08128 
18068.25 -0.04489 -0.06697 -0.0178 -0.08477 
18068.3 -0.04636 -0.06928 -0.01813 -0.08741 
18068.35 -0.0478 -0.07041 -0.01845 -0.08886 
18068.4 -0.04922 -0.07006 -0.01874 -0.0888 
18068.45 -0.05062 -0.0683 -0.019 -0.08731 
18068.5 -0.052 -0.06559 -0.01925 -0.08484 
18068.55 -0.05336 -0.06238 -0.01947 -0.08185 
18068.6 -0.0547 -0.05916 -0.01966 -0.07882 
18068.65 -0.05603 -0.05639 -0.01983 -0.07622 
18068.7 -0.05735 -0.05453 -0.01997 -0.0745 
18068.75 -0.05866 -0.05403 -0.02008 -0.07411 
18068.8 -0.05996 -0.05489 -0.02016 -0.07505 
18068.85 -0.06126 -0.05684 -0.02019 -0.07703 
18068.9 -0.06255 -0.05958 -0.02019 -0.07977 
18068.95 -0.06383 -0.06283 -0.02015 -0.08298 
18069 -0.0651 -0.0663 -0.02006 -0.08635 
18069.05 -0.06634 -0.0697 -0.01992 -0.08962 
18069.1 -0.06756 -0.07275 -0.01973 -0.09248 
18069.15 -0.06875 -0.07532 -0.01949 -0.0948 
18069.2 -0.0699 -0.07734 -0.01919 -0.09654 
18069.25 -0.07101 -0.07877 -0.01887 -0.09764 
18069.3 -0.07208 -0.07956 -0.01851 -0.09807 
18069.35 -0.0731 -0.07965 -0.01813 -0.09778 
18069.4 -0.07407 -0.07899 -0.01774 -0.09673 
18069.45 -0.07497 -0.07754 -0.01734 -0.09489 
18069.5 -0.07581 -0.07537 -0.01696 -0.09232 
18069.55 -0.07659 -0.07271 -0.01658 -0.08929 
18069.6 -0.07729 -0.06981 -0.01623 -0.08604 
18069.65 -0.07791 -0.06691 -0.01591 -0.08282 
18069.7 -0.07845 -0.06428 -0.01562 -0.0799 
18069.75 -0.07893 -0.06215 -0.01536 -0.07751 
 273 
18069.8 -0.07935 -0.06076 -0.01514 -0.0759 
18069.85 -0.07971 -0.06017 -0.01495 -0.07513 
18069.9 -0.08003 -0.06023 -0.0148 -0.07503 
18069.95 -0.08031 -0.06074 -0.01469 -0.07543 
18070 -0.08056 -0.06155 -0.01461 -0.07616 
18070.05 -0.08078 -0.06247 -0.01457 -0.07704 
18070.1 -0.08098 -0.06333 -0.01457 -0.0779 
18070.15 -0.08118 -0.06396 -0.01462 -0.07858 
18070.2 -0.08137 -0.06428 -0.01469 -0.07898 
18070.25 -0.08157 -0.06434 -0.0148 -0.07913 
18070.3 -0.08178 -0.06416 -0.01491 -0.07907 
18070.35 -0.08201 -0.06379 -0.01504 -0.07883 
18070.4 -0.08227 -0.06326 -0.01518 -0.07844 
18070.45 -0.08257 -0.06262 -0.0153 -0.07793 
18070.5 -0.08289 -0.06191 -0.01542 -0.07732 
18070.55 -0.08325 -0.06114 -0.01551 -0.07665 
18070.6 -0.08364 -0.06033 -0.01558 -0.07591 
18070.65 -0.08404 -0.0595 -0.01561 -0.07512 
18070.7 -0.08447 -0.05867 -0.01561 -0.07429 
18070.75 -0.08491 -0.05786 -0.01558 -0.07344 
18070.8 -0.08536 -0.05706 -0.01553 -0.07259 
18070.85 -0.08581 -0.05631 -0.01544 -0.07176 
18070.9 -0.08627 -0.05563 -0.01534 -0.07097 
18070.95 -0.08672 -0.05508 -0.01521 -0.07029 
18071 -0.08716 -0.0547 -0.01506 -0.06976 
18071.05 -0.0876 -0.05457 -0.01489 -0.06946 
18071.1 -0.08802 -0.05473 -0.01471 -0.06944 
18071.15 -0.08842 -0.05524 -0.01452 -0.06976 
18071.2 -0.0888 -0.05616 -0.01431 -0.07047 
18071.25 -0.08914 -0.05748 -0.0141 -0.07157 
18071.3 -0.08946 -0.05905 -0.01388 -0.07293 
18071.35 -0.08974 -0.06074 -0.01365 -0.07439 
18071.4 -0.08998 -0.0624 -0.01343 -0.07583 
18071.45 -0.09018 -0.06387 -0.01321 -0.07708 
18071.5 -0.09034 -0.06502 -0.01299 -0.07801 
18071.55 -0.09044 -0.06569 -0.01278 -0.07847 
18071.6 -0.09049 -0.06584 -0.01258 -0.07842 
18071.65 -0.09048 -0.06554 -0.01239 -0.07794 
18071.7 -0.09041 -0.06489 -0.01221 -0.0771 
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18071.75 -0.09028 -0.06396 -0.01204 -0.076 
18071.8 -0.09007 -0.06285 -0.01188 -0.07473 
18071.85 -0.0898 -0.06164 -0.01172 -0.07336 
18071.9 -0.08945 -0.06043 -0.01156 -0.07199 
18071.95 -0.08901 -0.05928 -0.01141 -0.07069 
18072 -0.0885 -0.05823 -0.01125 -0.06948 
18072.05 -0.0879 -0.0573 -0.0111 -0.06839 
18072.1 -0.08722 -0.0565 -0.01093 -0.06744 
18072.15 -0.08647 -0.05587 -0.01076 -0.06663 
18072.2 -0.08566 -0.05542 -0.01059 -0.06601 
18072.25 -0.08481 -0.05517 -0.01041 -0.06558 
18072.3 -0.08393 -0.05513 -0.01023 -0.06535 
18072.35 -0.08303 -0.05523 -0.01004 -0.06526 
18072.4 -0.08212 -0.0554 -0.00984 -0.06524 
18072.45 -0.08121 -0.05558 -0.00964 -0.06522 
18072.5 -0.08032 -0.05569 -0.00944 -0.06513 
18072.55 -0.07946 -0.05567 -0.00923 -0.0649 
18072.6 -0.07864 -0.05544 -0.00902 -0.06446 
18072.65 -0.07787 -0.05497 -0.0088 -0.06377 
18072.7 -0.07716 -0.05428 -0.00859 -0.06286 
18072.75 -0.07653 -0.05342 -0.00837 -0.06179 
18072.8 -0.07598 -0.05244 -0.00816 -0.06059 
18072.85 -0.07554 -0.05137 -0.00795 -0.05932 
18072.9 -0.07519 -0.05027 -0.00775 -0.05801 
18072.95 -0.07493 -0.04917 -0.00755 -0.05672 
18073 -0.07475 -0.04812 -0.00737 -0.05549 
18073.05 -0.07464 -0.04713 -0.0072 -0.05433 
18073.1 -0.07459 -0.04623 -0.00704 -0.05328 
18073.15 -0.0746 -0.04545 -0.0069 -0.05235 
18073.2 -0.07464 -0.0448 -0.00678 -0.05157 
18073.25 -0.07472 -0.04431 -0.00665 -0.05096 
18073.3 -0.07483 -0.044 -0.00654 -0.05054 
18073.35 -0.07495 -0.04388 -0.00642 -0.0503 
18073.4 -0.07508 -0.04391 -0.0063 -0.05021 
18073.45 -0.07521 -0.04401 -0.00617 -0.05018 
18073.5 -0.07533 -0.04411 -0.00603 -0.05014 
18073.55 -0.07543 -0.04415 -0.00587 -0.05002 
18073.6 -0.0755 -0.04405 -0.00569 -0.04974 
18073.65 -0.07553 -0.04376 -0.00549 -0.04924 
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18073.7 -0.07552 -0.04322 -0.00527 -0.04849 
18073.75 -0.07547 -0.04252 -0.00505 -0.04757 
18073.8 -0.07538 -0.04178 -0.00483 -0.04661 
18073.85 -0.07524 -0.04111 -0.00462 -0.04573 
18073.9 -0.07505 -0.04064 -0.00442 -0.04507 
18073.95 -0.07481 -0.04049 -0.00425 -0.04474 
18074 -0.07452 -0.04075 -0.00411 -0.04487 
18074.05 -0.07418 -0.04152 -0.00402 -0.04554 
18074.1 -0.07379 -0.04266 -0.00398 -0.04664 
18074.15 -0.07334 -0.04402 -0.00399 -0.04801 
18074.2 -0.07283 -0.04544 -0.00405 -0.04949 
18074.25 -0.07227 -0.04675 -0.00414 -0.0509 
18074.3 -0.07164 -0.04781 -0.00426 -0.05207 
18074.35 -0.07096 -0.04843 -0.00439 -0.05282 
18074.4 -0.07021 -0.04849 -0.00453 -0.05302 
18074.45 -0.0694 -0.04797 -0.00465 -0.05263 
18074.5 -0.06852 -0.04695 -0.00476 -0.05171 
18074.55 -0.0676 -0.04548 -0.00484 -0.05032 
18074.6 -0.06664 -0.04363 -0.00487 -0.0485 
18074.65 -0.06564 -0.04148 -0.00485 -0.04633 
18074.7 -0.06462 -0.03907 -0.00478 -0.04385 
18074.75 -0.06359 -0.03648 -0.00467 -0.04116 
18074.8 -0.06256 -0.03382 -0.00452 -0.03834 
18074.85 -0.06152 -0.0312 -0.00434 -0.03553 
18074.9 -0.0605 -0.02872 -0.00412 -0.03285 
18074.95 -0.05951 -0.02651 -0.00389 -0.0304 
18075 -0.05854 -0.02468 -0.00363 -0.02831 
18075.05 -0.05761 -0.02335 -0.00336 -0.02671 
18075.1 -0.05674 -0.0226 -0.00308 -0.02568 
18075.15 -0.05592 -0.0224 -0.0028 -0.0252 
18075.2 -0.05517 -0.02263 -0.00252 -0.02515 
18075.25 -0.05449 -0.02321 -0.00225 -0.02546 
18075.3 -0.05389 -0.02403 -0.002 -0.02603 
18075.35 -0.05335 -0.02498 -0.00178 -0.02675 
18075.4 -0.05287 -0.02597 -0.00158 -0.02755 
18075.45 -0.05244 -0.0269 -0.00143 -0.02833 
18075.5 -0.05205 -0.02776 -0.00132 -0.02908 
18075.55 -0.0517 -0.02854 -0.00126 -0.02981 
18075.6 -0.05138 -0.02925 -0.00127 -0.03052 
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18075.65 -0.05108 -0.02987 -0.00133 -0.03121 
18075.7 -0.05079 -0.03042 -0.00145 -0.03188 
18075.75 -0.0505 -0.03089 -0.00162 -0.03251 
18075.8 -0.05021 -0.03128 -0.00181 -0.03309 
18075.85 -0.04991 -0.03157 -0.00203 -0.0336 
18075.9 -0.0496 -0.03174 -0.00226 -0.03401 
18075.95 -0.04925 -0.03179 -0.0025 -0.03428 
18076 -0.04888 -0.03167 -0.00272 -0.0344 
18076.05 -0.04846 -0.03138 -0.00293 -0.03431 
18076.1 -0.04801 -0.03089 -0.00311 -0.034 
18076.15 -0.04752 -0.03019 -0.00325 -0.03344 
18076.2 -0.04699 -0.02931 -0.00336 -0.03267 
18076.25 -0.04643 -0.02833 -0.00345 -0.03178 
18076.3 -0.04585 -0.02733 -0.00351 -0.03084 
18076.35 -0.04524 -0.02639 -0.00355 -0.02993 
18076.4 -0.04461 -0.02558 -0.00358 -0.02915 
18076.45 -0.04396 -0.02497 -0.0036 -0.02857 
18076.5 -0.04329 -0.02465 -0.00362 -0.02827 
18076.55 -0.04262 -0.02455 -0.00364 -0.02819 
18076.6 -0.04193 -0.02457 -0.00367 -0.02824 
18076.65 -0.04124 -0.02459 -0.00371 -0.02829 
18076.7 -0.04055 -0.0245 -0.00375 -0.02825 
18076.75 -0.03985 -0.02418 -0.00381 -0.02799 
18076.8 -0.03916 -0.02352 -0.00387 -0.02739 
18076.85 -0.03848 -0.02243 -0.00392 -0.02636 
18076.9 -0.03781 -0.02098 -0.00398 -0.02496 
18076.95 -0.03715 -0.01933 -0.00403 -0.02335 
18077 -0.03651 -0.01764 -0.00407 -0.02171 
18077.05 -0.03589 -0.01607 -0.0041 -0.02017 
18077.1 -0.03529 -0.0148 -0.00412 -0.01892 
18077.15 -0.03472 -0.01399 -0.00412 -0.01811 
18077.2 -0.03419 -0.01379 -0.00411 -0.0179 
18077.25 -0.03368 -0.01424 -0.00409 -0.01833 
18077.3 -0.03322 -0.0152 -0.00406 -0.01926 
18077.35 -0.0328 -0.01653 -0.00404 -0.02057 
18077.4 -0.03242 -0.01809 -0.00401 -0.0221 
18077.45 -0.03209 -0.01974 -0.00399 -0.02373 
18077.5 -0.03181 -0.02133 -0.00398 -0.02532 
18077.55 -0.03159 -0.02273 -0.00399 -0.02672 
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18077.6 -0.03143 -0.02387 -0.00401 -0.02788 
18077.65 -0.03133 -0.02476 -0.00405 -0.02881 
18077.7 -0.03129 -0.02542 -0.00411 -0.02953 
18077.75 -0.0313 -0.02587 -0.00417 -0.03004 
18077.8 -0.03135 -0.02613 -0.00423 -0.03036 
18077.85 -0.03144 -0.02622 -0.00428 -0.0305 
18077.9 -0.03155 -0.02615 -0.00431 -0.03046 
18077.95 -0.03168 -0.02591 -0.00433 -0.03023 
18078 -0.03182 -0.02547 -0.00432 -0.02979 
18078.05 -0.03196 -0.02482 -0.00427 -0.02909 
18078.1 -0.0321 -0.02392 -0.00418 -0.0281 
18078.15 -0.03222 -0.02274 -0.00404 -0.02678 
18078.2 -0.03232 -0.02126 -0.00387 -0.02513 
18078.25 -0.0324 -0.01945 -0.00366 -0.02311 
18078.3 -0.03243 -0.01739 -0.00343 -0.02082 
18078.35 -0.03243 -0.01523 -0.00317 -0.0184 
18078.4 -0.03237 -0.01312 -0.0029 -0.01602 
18078.45 -0.03225 -0.01121 -0.00261 -0.01383 
18078.5 -0.03207 -0.00965 -0.00233 -0.01198 
18078.55 -0.03183 -0.00859 -0.00205 -0.01064 
18078.6 -0.03155 -0.00819 -0.00178 -0.00996 
18078.65 -0.03121 -0.00849 -0.00152 -0.01001 
18078.7 -0.03084 -0.00939 -0.00129 -0.01068 
18078.75 -0.03042 -0.01078 -0.00108 -0.01186 
18078.8 -0.02998 -0.01255 -9.05E-04 -0.01345 
18078.85 -0.0295 -0.01457 -7.69E-04 -0.01533 
18078.9 -0.02899 -0.01672 -6.77E-04 -0.0174 
18078.95 -0.02847 -0.01889 -6.35E-04 -0.01952 
18079 -0.02792 -0.02096 -6.48E-04 -0.0216 
18079.05 -0.02736 -0.02278 -7.22E-04 -0.0235 
18079.1 -0.02679 -0.02421 -8.63E-04 -0.02508 
18079.15 -0.02622 -0.02513 -0.00107 -0.0262 
18079.2 -0.02565 -0.02539 -0.00134 -0.02673 
18079.25 -0.02507 -0.02485 -0.00166 -0.02651 
18079.3 -0.0245 -0.02337 -0.00201 -0.02538 
18079.35 -0.02394 -0.02101 -0.00239 -0.0234 
18079.4 -0.02338 -0.01804 -0.00277 -0.02081 
18079.45 -0.02282 -0.01474 -0.00315 -0.01789 
18079.5 -0.02226 -0.01142 -0.00352 -0.01494 
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18079.55 -0.0217 -0.00836 -0.00385 -0.01221 
18079.6 -0.02115 -0.00585 -0.00415 -0.01001 
18079.65 -0.0206 -0.00418 -0.0044 -0.00859 
18079.7 -0.02004 -0.00344 -0.0046 -0.00804 
18079.75 -0.01949 -0.00348 -0.00476 -0.00824 
18079.8 -0.01894 -0.00415 -0.00488 -0.00903 
18079.85 -0.01839 -0.0053 -0.00495 -0.01025 
18079.9 -0.01784 -0.00676 -0.005 -0.01175 
18079.95 -0.01729 -0.00838 -0.00501 -0.01339 
18080 -0.01674 -0.01002 -0.00499 -0.01501 
18080.05 -0.01618 -0.01154 -0.00496 -0.01649 
18080.1 -0.01563 -0.01291 -0.0049 -0.01781 
18080.15 -0.01508 -0.01411 -0.00483 -0.01894 
18080.2 -0.01454 -0.01512 -0.00474 -0.01986 
18080.25 -0.01401 -0.01592 -0.00464 -0.02056 
18080.3 -0.0135 -0.01649 -0.00454 -0.02103 
18080.35 -0.013 -0.01681 -0.00443 -0.02124 
18080.4 -0.01253 -0.01687 -0.00431 -0.02118 
18080.45 -0.01207 -0.01667 -0.0042 -0.02087 
18080.5 -0.01165 -0.01624 -0.00408 -0.02032 
18080.55 -0.01126 -0.01558 -0.00397 -0.01955 
18080.6 -0.0109 -0.01471 -0.00386 -0.01857 
18080.65 -0.01058 -0.01364 -0.00377 -0.01741 
18080.7 -0.0103 -0.01238 -0.00368 -0.01607 
18080.75 -0.01006 -0.01098 -0.00361 -0.01459 
18080.8 -0.00987 -0.0095 -0.00356 -0.01306 
18080.85 -0.00973 -0.00805 -0.00353 -0.01158 
18080.9 -0.00964 -0.00671 -0.00352 -0.01023 
18080.95 -0.0096 -0.00557 -0.00353 -0.00911 
18081 -0.0096 -0.00473 -0.00358 -0.00831 
18081.05 -0.00963 -0.00426 -0.00365 -0.00792 
18081.1 -0.0097 -0.00421 -0.00376 -0.00798 
18081.15 -0.00981 -0.00451 -0.00391 -0.00842 
18081.2 -0.00994 -0.00508 -0.00408 -0.00916 
18081.25 -0.01009 -0.00585 -0.00427 -0.01012 
18081.3 -0.01027 -0.00675 -0.00446 -0.01121 
18081.35 -0.01047 -0.00769 -0.00465 -0.01235 
18081.4 -0.01068 -0.00861 -0.00483 -0.01344 
18081.45 -0.0109 -0.00943 -0.00499 -0.01442 
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18081.5 -0.01113 -0.01013 -0.00511 -0.01524 
18081.55 -0.01137 -0.01068 -0.00519 -0.01587 
18081.6 -0.0116 -0.01107 -0.00522 -0.01628 
18081.65 -0.01184 -0.01127 -0.00518 -0.01645 
18081.7 -0.01207 -0.01125 -0.0051 -0.01635 
18081.75 -0.01229 -0.01101 -0.00497 -0.01598 
18081.8 -0.01251 -0.01053 -0.00481 -0.01534 
18081.85 -0.01272 -0.00987 -0.00462 -0.01449 
18081.9 -0.01291 -0.00909 -0.00441 -0.0135 
18081.95 -0.0131 -0.00826 -0.0042 -0.01246 
18082 -0.01326 -0.00745 -0.00398 -0.01143 
18082.05 -0.01342 -0.00672 -0.00377 -0.0105 
18082.1 -0.01355 -0.00615 -0.00358 -0.00973 
18082.15 -0.01367 -0.00577 -0.00342 -0.00919 
18082.2 -0.01377 -0.00556 -0.00328 -0.00884 
18082.25 -0.01384 -0.00546 -0.00317 -0.00863 
18082.3 -0.01389 -0.00544 -0.0031 -0.00853 
18082.35 -0.01391 -0.00543 -0.00306 -0.00849 
18082.4 -0.0139 -0.00541 -0.00305 -0.00846 
18082.45 -0.01387 -0.00532 -0.00308 -0.0084 
18082.5 -0.0138 -0.00512 -0.00315 -0.00827 
18082.55 -0.01371 -0.00483 -0.00326 -0.00809 
18082.6 -0.01361 -0.00447 -0.00342 -0.00788 
18082.65 -0.01348 -0.00405 -0.00361 -0.00766 
18082.7 -0.01333 -0.00359 -0.00384 -0.00742 
18082.75 -0.01318 -0.0031 -0.00409 -0.00719 
18082.8 -0.01301 -0.00262 -0.00435 -0.00697 
18082.85 -0.01284 -0.00214 -0.00462 -0.00676 
18082.9 -0.01266 -0.00171 -0.00489 -0.0066 
18082.95 -0.01248 -0.00137 -0.00514 -0.00651 
18083 -0.01231 -0.00114 -0.00536 -0.00651 
18083.05 -0.01214 -0.00107 -0.00556 -0.00663 
18083.1 -0.01198 -0.0012 -0.00571 -0.00691 
18083.15 -0.01183 -0.00155 -0.00582 -0.00736 
18083.2 -0.01169 -0.00215 -0.00587 -0.00803 
18083.25 -0.01157 -0.00296 -0.00589 -0.00885 
18083.3 -0.01147 -0.0039 -0.00587 -0.00977 
18083.35 -0.01138 -0.00489 -0.00581 -0.0107 
18083.4 -0.01131 -0.00586 -0.00572 -0.01157 
 280 
18083.45 -0.01125 -0.00672 -0.0056 -0.01232 
18083.5 -0.0112 -0.00741 -0.00545 -0.01286 
18083.55 -0.01117 -0.00786 -0.00528 -0.01314 
18083.6 -0.01114 -0.00805 -0.00509 -0.01314 
18083.65 -0.01112 -0.00799 -0.00489 -0.01289 
18083.7 -0.01111 -0.0077 -0.00468 -0.01239 
18083.75 -0.01111 -0.00719 -0.00447 -0.01165 
18083.8 -0.01111 -0.00646 -0.00425 -0.0107 
18083.85 -0.01112 -0.00551 -0.00404 -0.00955 
18083.9 -0.01112 -0.00437 -0.00384 -0.00821 
18083.95 -0.01113 -0.0031 -0.00365 -0.00675 
18084 -0.01114 -0.00182 -0.00348 -0.0053 
18084.05 -0.01115 -6.21E-04 -0.00334 -0.00396 
18084.1 -0.01115 3.71E-04 -0.00323 -0.00286 
18084.15 -0.01116 0.00105 -0.00315 -0.0021 
18084.2 -0.01116 0.0013 -0.00311 -0.00181 
18084.25 -0.01116 0.00103 -0.0031 -0.00206 
18084.3 -0.01115 3.03E-04 -0.00311 -0.00281 
18084.35 -0.01114 -7.01E-04 -0.00315 -0.00385 
18084.4 -0.01112 -0.0018 -0.00322 -0.00502 
18084.45 -0.0111 -0.00281 -0.00331 -0.00612 
18084.5 -0.01108 -0.00354 -0.00342 -0.00696 
18084.55 -0.01104 -0.00382 -0.00355 -0.00737 
18084.6 -0.011 -0.00349 -0.00369 -0.00718 
18084.65 -0.01095 -0.00257 -0.00385 -0.00642 
18084.7 -0.01089 -0.00124 -0.00401 -0.00525 
18084.75 -0.01083 3.29E-04 -0.00417 -0.00384 
18084.8 -0.01075 0.00197 -0.00432 -0.00235 
18084.85 -0.01067 0.00351 -0.00444 -9.31E-04 
18084.9 -0.01057 0.00478 -0.00453 2.48E-04 
18084.95 -0.01047 0.00562 -0.00458 0.00104 
18085 -0.01035 0.006 -0.00457 0.00142 
18085.05 -0.01023 0.00594 -0.00451 0.00143 
18085.1 -0.01011 0.00548 -0.00438 0.0011 
18085.15 -0.00998 0.00463 -0.00417 4.57E-04 
18085.2 -0.00984 0.00344 -0.00391 -4.76E-04 
18085.25 -0.0097 0.00192 -0.00361 -0.00169 
18085.3 -0.00955 1.05E-04 -0.00328 -0.00317 
18085.35 -0.0094 -0.0019 -0.00294 -0.00484 
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18085.4 -0.00926 -0.00393 -0.0026 -0.00653 
18085.45 -0.0091 -0.00579 -0.00229 -0.00808 
18085.5 -0.00895 -0.0073 -0.00201 -0.00931 
18085.55 -0.0088 -0.00829 -0.00179 -0.01008 
18085.6 -0.00865 -0.00856 -0.00163 -0.0102 
18085.65 -0.0085 -0.00796 -0.00156 -0.00951 
18085.7 -0.00835 -0.00651 -0.00156 -0.00807 
18085.75 -0.0082 -0.00452 -0.00162 -0.00614 
18085.8 -0.00804 -0.00226 -0.00174 -0.004 
18085.85 -0.00787 -4.47E-05 -0.00191 -0.00195 
18085.9 -0.0077 0.00184 -0.00212 -2.74E-04 
18085.95 -0.00751 0.00311 -0.00236 7.52E-04 
18086 -0.0073 0.00347 -0.00262 8.49E-04 
18086.05 -0.00708 0.0029 -0.0029 -3.71E-06 
18086.1 -0.00683 0.00163 -0.00318 -0.00156 
18086.15 -0.00656 -7.70E-05 -0.00347 -0.00354 
18086.2 -0.00627 -0.00197 -0.00374 -0.00571 
18086.25 -0.00594 -0.00378 -0.004 -0.00778 
18086.3 -0.00558 -0.00528 -0.00424 -0.00952 
18086.35 -0.00519 -0.0062 -0.00446 -0.01065 
18086.4 -0.00477 -0.00648 -0.00464 -0.01112 
18086.45 -0.0043 -0.00618 -0.00479 -0.01096 
18086.5 -0.0038 -0.00536 -0.00489 -0.01025 
18086.55 -0.00327 -0.00411 -0.00494 -0.00905 
18086.6 -0.00272 -0.00248 -0.00494 -0.00742 
18086.65 -0.00215 -5.40E-04 -0.00489 -0.00543 
18086.7 -0.00158 0.00164 -0.00477 -0.00314 
18086.75 -9.97E-04 0.00396 -0.00462 -6.56E-04 
18086.8 -4.22E-04 0.00631 -0.00442 0.00188 
18086.85 1.43E-04 0.00854 -0.0042 0.00434 
18086.9 6.90E-04 0.01054 -0.00396 0.00658 
18086.95 0.00121 0.01215 -0.00371 0.00845 
18087 0.00171 0.01326 -0.00345 0.00982 
18087.05 0.00216 0.01373 -0.00319 0.01055 
18087.1 0.00258 0.01354 -0.00294 0.01059 
18087.15 0.00294 0.01279 -0.00272 0.01008 
18087.2 0.00325 0.01166 -0.00251 0.00915 
18087.25 0.00349 0.01026 -0.00232 0.00794 
18087.3 0.00368 0.00876 -0.00215 0.00661 
 282 
18087.35 0.00381 0.00728 -0.002 0.00528 
18087.4 0.00389 0.00598 -0.00186 0.00412 
18087.45 0.00392 0.00494 -0.00174 0.00319 
18087.5 0.00391 0.00414 -0.00164 0.0025 
18087.55 0.00387 0.00358 -0.00155 0.00203 
18087.6 0.00379 0.00324 -0.00148 0.00176 
18087.65 0.0037 0.00309 -0.00142 0.00167 
18087.7 0.00358 0.00314 -0.00138 0.00176 
18087.75 0.00344 0.00335 -0.00135 0.002 
18087.8 0.00329 0.0037 -0.00133 0.00237 
18087.85 0.00314 0.00417 -0.00133 0.00284 
18087.9 0.00299 0.00472 -0.00133 0.00338 
18087.95 0.00284 0.00531 -0.00135 0.00396 
18088 0.00271 0.00591 -0.00137 0.00453 
18088.05 0.00258 0.00648 -0.00141 0.00507 
18088.1 0.00248 0.007 -0.00145 0.00555 
18088.15 0.00238 0.00744 -0.0015 0.00594 
18088.2 0.00231 0.00781 -0.00155 0.00626 
18088.25 0.00225 0.00812 -0.00161 0.00651 
18088.3 0.0022 0.00836 -0.00166 0.0067 
18088.35 0.00216 0.00855 -0.00172 0.00683 
18088.4 0.00214 0.00869 -0.00177 0.00692 
18088.45 0.00214 0.00878 -0.00181 0.00697 
18088.5 0.00214 0.00883 -0.00184 0.00699 
18088.55 0.00216 0.00884 -0.00186 0.00698 
18088.6 0.0022 0.00882 -0.00187 0.00695 
18088.65 0.00224 0.00878 -0.00185 0.00692 
18088.7 0.0023 0.00871 -0.00183 0.00688 
18088.75 0.00237 0.00863 -0.00179 0.00683 
18088.8 0.00245 0.00853 -0.00174 0.00679 
18088.85 0.00254 0.00843 -0.00169 0.00674 
18088.9 0.00264 0.00832 -0.00163 0.00669 
18088.95 0.00275 0.00821 -0.00156 0.00664 
18089 0.00287 0.00809 -0.0015 0.0066 
18089.05 0.00299 0.00799 -0.00143 0.00656 
18089.1 0.00312 0.00789 -0.00137 0.00653 
18089.15 0.00324 0.00781 -0.00131 0.0065 
18089.2 0.00337 0.00774 -0.00125 0.00648 
18089.25 0.0035 0.00769 -0.0012 0.00649 
 283 
18089.3 0.00363 0.00766 -0.00115 0.00651 
18089.35 0.00375 0.00766 -0.00109 0.00656 
18089.4 0.00387 0.00768 -0.00103 0.00665 
18089.45 0.00398 0.00774 -9.71E-04 0.00677 
18089.5 0.00409 0.00782 -9.01E-04 0.00692 
18089.55 0.00418 0.00792 -8.21E-04 0.0071 
18089.6 0.00427 0.00805 -7.31E-04 0.00732 
18089.65 0.00434 0.00819 -6.30E-04 0.00756 
18089.7 0.0044 0.00834 -5.21E-04 0.00782 
18089.75 0.00445 0.00851 -4.07E-04 0.0081 
18089.8 0.00449 0.00868 -2.91E-04 0.00839 
18089.85 0.00453 0.00886 -1.77E-04 0.00869 
18089.9 0.00456 0.00905 -6.82E-05 0.00898 
18089.95 0.00459 0.00923 3.29E-05 0.00926 
18090 0.00461 0.00941 1.23E-04 0.00953 
18090.05 0.00464 0.00958 1.98E-04 0.00978 
18090.1 0.00467 0.00975 2.55E-04 0.01001 
18090.15 0.0047 0.00991 2.93E-04 0.01021 
18090.2 0.00474 0.01007 3.16E-04 0.01038 
18090.25 0.00479 0.01022 3.28E-04 0.01054 
18090.3 0.00484 0.01036 3.34E-04 0.01069 
18090.35 0.00491 0.0105 3.39E-04 0.01084 
18090.4 0.00499 0.01064 3.47E-04 0.01098 
18090.45 0.00508 0.01077 3.63E-04 0.01113 
18090.5 0.00518 0.0109 3.91E-04 0.01129 
18090.55 0.0053 0.01103 4.37E-04 0.01146 
18090.6 0.00543 0.01115 5.05E-04 0.01166 
18090.65 0.00556 0.01128 5.97E-04 0.01188 
18090.7 0.00571 0.01141 7.06E-04 0.01211 
18090.75 0.00586 0.01153 8.23E-04 0.01236 
18090.8 0.00601 0.01166 9.39E-04 0.0126 
18090.85 0.00616 0.01178 0.00104 0.01283 
18090.9 0.00632 0.0119 0.00113 0.01303 
18090.95 0.00647 0.01201 0.00119 0.0132 
18091 0.00663 0.01211 0.00121 0.01332 
18091.05 0.00677 0.0122 0.00119 0.01339 
18091.1 0.00692 0.01228 0.00111 0.01338 
18091.15 0.00705 0.01234 9.64E-04 0.0133 
18091.2 0.00718 0.01238 7.72E-04 0.01315 
 284 
18091.25 0.00729 0.0124 5.44E-04 0.01295 
18091.3 0.0074 0.0124 2.95E-04 0.0127 
18091.35 0.00749 0.01237 3.81E-05 0.01241 
18091.4 0.00758 0.01232 -2.12E-04 0.01211 
18091.45 0.00767 0.01224 -4.40E-04 0.0118 
18091.5 0.00775 0.01213 -6.32E-04 0.0115 
18091.55 0.00782 0.012 -7.74E-04 0.01123 
18091.6 0.0079 0.01186 -8.51E-04 0.01101 
18091.65 0.00797 0.0117 -8.55E-04 0.01085 
18091.7 0.00804 0.01154 -7.95E-04 0.01075 
18091.75 0.00812 0.01139 -6.78E-04 0.01071 
18091.8 0.0082 0.01124 -5.11E-04 0.01073 
18091.85 0.00829 0.0111 -3.05E-04 0.0108 
18091.9 0.00838 0.01099 -6.72E-05 0.01092 
18091.95 0.00848 0.0109 1.94E-04 0.01109 
18092 0.00859 0.01084 4.71E-04 0.01131 
18092.05 0.0087 0.01081 7.54E-04 0.01157 
18092.1 0.00883 0.01083 0.00104 0.01187 
18092.15 0.00897 0.0109 0.00131 0.01221 
18092.2 0.00912 0.01102 0.00156 0.01258 
18092.25 0.00927 0.01119 0.0018 0.01299 
18092.3 0.00943 0.01141 0.00201 0.01341 
18092.35 0.00959 0.01166 0.00219 0.01385 
18092.4 0.00975 0.01195 0.00233 0.01428 
18092.45 0.00992 0.01228 0.00242 0.0147 
18092.5 0.01008 0.01263 0.00247 0.0151 
18092.55 0.01024 0.01301 0.00246 0.01547 
18092.6 0.0104 0.0134 0.00239 0.01579 
18092.65 0.01056 0.01381 0.00226 0.01607 
18092.7 0.01071 0.01423 0.00208 0.01631 
18092.75 0.01085 0.01465 0.00186 0.01651 
18092.8 0.01099 0.01508 0.00161 0.01668 
18092.85 0.01112 0.0155 0.00134 0.01685 
18092.9 0.01124 0.01592 0.00108 0.017 
18092.95 0.01135 0.01632 8.30E-04 0.01715 
18093 0.01145 0.01671 6.05E-04 0.01731 
18093.05 0.01154 0.01707 4.17E-04 0.01749 
18093.1 0.01162 0.01741 2.81E-04 0.01769 
18093.15 0.0117 0.01772 2.06E-04 0.01792 
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18093.2 0.01177 0.01799 1.86E-04 0.01817 
18093.25 0.01183 0.01822 2.12E-04 0.01843 
18093.3 0.01189 0.0184 2.75E-04 0.01867 
18093.35 0.01194 0.01853 3.66E-04 0.0189 
18093.4 0.01198 0.01861 4.76E-04 0.01908 
18093.45 0.01202 0.01862 5.95E-04 0.01922 
18093.5 0.01205 0.01857 7.14E-04 0.01928 
18093.55 0.01208 0.01845 8.25E-04 0.01927 
18093.6 0.0121 0.01825 9.17E-04 0.01917 
18093.65 0.01212 0.01797 9.86E-04 0.01896 
18093.7 0.01214 0.01761 0.00104 0.01865 
18093.75 0.01215 0.01718 0.00107 0.01825 
18093.8 0.01215 0.01668 0.00109 0.01778 
18093.85 0.01215 0.01614 0.00111 0.01725 
18093.9 0.01215 0.01556 0.00113 0.01669 
18093.95 0.01213 0.01495 0.00114 0.0161 
18094 0.01212 0.01434 0.00117 0.0155 
18094.05 0.01209 0.01372 0.0012 0.01492 
18094.1 0.01206 0.01311 0.00125 0.01436 
18094.15 0.01202 0.01252 0.00132 0.01384 
18094.2 0.01198 0.01197 0.0014 0.01337 
18094.25 0.01192 0.01146 0.00148 0.01295 
18094.3 0.01186 0.01102 0.00157 0.01259 
18094.35 0.01179 0.01064 0.00165 0.01229 
18094.4 0.01171 0.01034 0.00172 0.01206 
18094.45 0.01162 0.01014 0.00177 0.01191 
18094.5 0.01152 0.01004 0.0018 0.01184 
18094.55 0.01142 0.01002 0.0018 0.01182 
18094.6 0.01131 0.01008 0.00176 0.01185 
18094.65 0.0112 0.01021 0.00169 0.0119 
18094.7 0.01109 0.0104 0.00158 0.01198 
18094.75 0.01097 0.01064 0.00144 0.01209 
18094.8 0.01086 0.01092 0.00129 0.01221 
18094.85 0.01075 0.01122 0.00112 0.01234 
18094.9 0.01065 0.01155 9.41E-04 0.01249 
18094.95 0.01055 0.01189 7.62E-04 0.01265 
18095 0.01047 0.01222 5.88E-04 0.01281 
18095.05 0.01039 0.01255 4.26E-04 0.01297 
18095.1 0.01032 0.01285 2.82E-04 0.01314 
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18095.15 0.01027 0.01313 1.62E-04 0.01329 
18095.2 0.01023 0.01337 6.78E-05 0.01344 
18095.25 0.01021 0.01356 -1.36E-07 0.01356 
18095.3 0.01021 0.01369 -4.08E-05 0.01365 
18095.35 0.01022 0.01378 -5.34E-05 0.01372 
18095.4 0.01025 0.01381 -3.70E-05 0.01378 
18095.45 0.01029 0.0138 9.10E-06 0.01381 
18095.5 0.01034 0.01374 8.58E-05 0.01383 
18095.55 0.01041 0.01365 1.94E-04 0.01384 
18095.6 0.01048 0.01351 3.34E-04 0.01385 
18095.65 0.01057 0.01334 5.05E-04 0.01385 
18095.7 0.01066 0.01314 7.00E-04 0.01384 
18095.75 0.01076 0.01291 9.10E-04 0.01382 
18095.8 0.01087 0.01265 0.00113 0.01378 
18095.85 0.01098 0.01237 0.00135 0.01371 
18095.9 0.01109 0.01206 0.00156 0.01362 
18095.95 0.01121 0.01174 0.00176 0.0135 
18096 0.01134 0.0114 0.00194 0.01333 
18096.05 0.01146 0.01104 0.00209 0.01313 
18096.1 0.01158 0.01068 0.0022 0.01287 
18096.15 0.01171 0.01031 0.00227 0.01257 
18096.2 0.01183 0.00993 0.0023 0.01223 
18096.25 0.01196 0.00956 0.0023 0.01186 
18096.3 0.01208 0.00919 0.00227 0.01146 
18096.35 0.01221 0.00883 0.00221 0.01104 
18096.4 0.01234 0.00849 0.00213 0.01062 
18096.45 0.01247 0.00816 0.00203 0.01019 
18096.5 0.0126 0.00786 0.00192 0.00977 
18096.55 0.01273 0.00758 0.0018 0.00937 
18096.6 0.01286 0.00732 0.00167 0.009 
18096.65 0.01299 0.00711 0.00155 0.00865 
18096.7 0.01313 0.00693 0.00142 0.00835 
18096.75 0.01326 0.00679 0.0013 0.00808 
18096.8 0.0134 0.00669 0.00118 0.00787 
18096.85 0.01354 0.00665 0.00107 0.00772 
18096.9 0.01368 0.00666 9.64E-04 0.00762 
18096.95 0.01382 0.00672 8.72E-04 0.0076 
18097 0.01395 0.00684 7.93E-04 0.00763 
18097.05 0.01409 0.00699 7.29E-04 0.00772 
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18097.1 0.01421 0.00718 6.82E-04 0.00787 
18097.15 0.01433 0.00741 6.53E-04 0.00806 
18097.2 0.01444 0.00765 6.40E-04 0.00829 
18097.25 0.01455 0.00792 6.38E-04 0.00856 
18097.3 0.01463 0.0082 6.45E-04 0.00885 
18097.35 0.01471 0.00849 6.57E-04 0.00914 
18097.4 0.01477 0.00878 6.70E-04 0.00945 
18097.45 0.01482 0.00906 6.80E-04 0.00974 
18097.5 0.01484 0.00933 6.84E-04 0.01001 
18097.55 0.01485 0.00958 6.79E-04 0.01026 
18097.6 0.01484 0.00982 6.60E-04 0.01048 
18097.65 0.0148 0.01002 6.26E-04 0.01065 
18097.7 0.01475 0.01019 5.79E-04 0.01077 
18097.75 0.01467 0.01032 5.21E-04 0.01084 
18097.8 0.01458 0.0104 4.55E-04 0.01086 
18097.85 0.01447 0.01044 3.83E-04 0.01083 
18097.9 0.01435 0.01045 3.08E-04 0.01076 
18097.95 0.01422 0.01042 2.31E-04 0.01065 
18098 0.01408 0.01037 1.55E-04 0.01052 
18098.05 0.01394 0.01029 8.33E-05 0.01037 
18098.1 0.01379 0.01018 1.72E-05 0.0102 
18098.15 0.01365 0.01006 -4.16E-05 0.01002 
18098.2 0.01351 0.00993 -9.39E-05 0.00983 
18098.25 0.01337 0.00979 -1.41E-04 0.00964 
18098.3 0.01324 0.00964 -1.84E-04 0.00945 
18098.35 0.01312 0.00948 -2.25E-04 0.00926 
18098.4 0.01302 0.00933 -2.64E-04 0.00907 
18098.45 0.01292 0.00919 -3.03E-04 0.00889 
18098.5 0.01285 0.00905 -3.43E-04 0.00871 
18098.55 0.01279 0.00893 -3.86E-04 0.00855 
18098.6 0.01274 0.00883 -4.32E-04 0.0084 
18098.65 0.01271 0.00875 -4.83E-04 0.00826 
18098.7 0.01269 0.00868 -5.41E-04 0.00814 
18098.75 0.01268 0.00864 -6.05E-04 0.00804 
18098.8 0.01269 0.00862 -6.77E-04 0.00794 
18098.85 0.01271 0.0086 -7.52E-04 0.00785 
18098.9 0.01274 0.0086 -8.30E-04 0.00777 
18098.95 0.01278 0.00861 -9.07E-04 0.0077 
18099 0.01283 0.00862 -9.82E-04 0.00764 
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18099.05 0.01289 0.00864 -0.00105 0.00759 
18099.1 0.01296 0.00866 -0.00112 0.00754 
18099.15 0.01303 0.00867 -0.00117 0.0075 
18099.2 0.01312 0.00868 -0.00121 0.00747 
18099.25 0.01321 0.00868 -0.00124 0.00744 
18099.3 0.01331 0.00867 -0.00125 0.00742 
18099.35 0.01341 0.00865 -0.00125 0.0074 
18099.4 0.01352 0.00861 -0.00122 0.00739 
18099.45 0.01363 0.00855 -0.00117 0.00738 
18099.5 0.01375 0.00847 -0.00111 0.00736 
18099.55 0.01386 0.00836 -0.00103 0.00734 
18099.6 0.01398 0.00824 -9.36E-04 0.0073 
18099.65 0.0141 0.00809 -8.34E-04 0.00725 
18099.7 0.01421 0.00792 -7.27E-04 0.00719 
18099.75 0.01432 0.00773 -6.15E-04 0.00711 
18099.8 0.01443 0.00753 -5.04E-04 0.00702 
18099.85 0.01453 0.00731 -3.95E-04 0.00692 
18099.9 0.01463 0.00709 -2.91E-04 0.0068 
18099.95 0.01473 0.00685 -1.95E-04 0.00666 
18100 0.01481 0.00661 -1.11E-04 0.0065 
18100.05 0.01489 0.00636 -4.02E-05 0.00632 
18100.1 0.01496 0.00612 1.42E-05 0.00613 
18100.15 0.01502 0.00587 5.25E-05 0.00592 
18100.2 0.01507 0.00562 7.53E-05 0.0057 
18100.25 0.0151 0.00538 8.29E-05 0.00546 
18100.3 0.01513 0.00514 7.58E-05 0.00522 
18100.35 0.01515 0.00492 5.43E-05 0.00497 
18100.4 0.01515 0.0047 1.88E-05 0.00472 
18100.45 0.01514 0.0045 -3.02E-05 0.00446 
18100.5 0.01511 0.00431 -9.23E-05 0.00421 
18100.55 0.01507 0.00413 -1.67E-04 0.00396 
18100.6 0.01501 0.00397 -2.54E-04 0.00371 
18100.65 0.01494 0.00382 -3.54E-04 0.00347 
18100.7 0.01485 0.00369 -4.64E-04 0.00322 
18100.75 0.01474 0.00356 -5.86E-04 0.00298 
18100.8 0.01461 0.00345 -7.18E-04 0.00274 
18100.85 0.01447 0.00336 -8.57E-04 0.0025 
18100.9 0.0143 0.00327 -0.001 0.00227 
18100.95 0.01412 0.0032 -0.00115 0.00205 
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18101 0.01393 0.00313 -0.0013 0.00183 
18101.05 0.01371 0.00308 -0.00145 0.00163 
18101.1 0.01348 0.00304 -0.00159 0.00145 
18101.15 0.01323 0.003 -0.00172 0.00128 
18101.2 0.01297 0.00298 -0.00185 0.00113 
18101.25 0.0127 0.00297 -0.00197 0.001 
18101.3 0.01241 0.00296 -0.00207 8.94E-04 
18101.35 0.01211 0.00297 -0.00215 8.12E-04 
18101.4 0.0118 0.00298 -0.00222 7.56E-04 
18101.45 0.01147 0.003 -0.00227 7.28E-04 
18101.5 0.01113 0.00302 -0.00229 7.27E-04 
18101.55 0.01079 0.00305 -0.0023 7.51E-04 
18101.6 0.01043 0.00307 -0.00228 7.96E-04 
18101.65 0.01007 0.0031 -0.00225 8.56E-04 
18101.7 0.00969 0.00313 -0.0022 9.30E-04 
18101.75 0.00932 0.00315 -0.00214 0.00101 
18101.8 0.00895 0.00317 -0.00207 0.0011 
18101.85 0.00858 0.00318 -0.002 0.00118 
18101.9 0.00821 0.00318 -0.00192 0.00127 
18101.95 0.00786 0.00317 -0.00183 0.00134 
18102 0.00751 0.00315 -0.00175 0.00141 
18102.05 0.00719 0.00312 -0.00166 0.00146 
18102.1 0.00688 0.00307 -0.00158 0.00148 
18102.15 0.00659 0.003 -0.00151 0.00149 
18102.2 0.00633 0.00291 -0.00144 0.00147 
18102.25 0.0061 0.0028 -0.00139 0.00142 
18102.3 0.00589 0.00267 -0.00134 0.00134 
18102.35 0.00572 0.00252 -0.00129 0.00122 
18102.4 0.00559 0.00234 -0.00126 0.00108 
18102.45 0.0055 0.00214 -0.00123 9.12E-04 
18102.5 0.00544 0.00192 -0.0012 7.21E-04 
18102.55 0.00541 0.00169 -0.00118 5.09E-04 
18102.6 0.00542 0.00144 -0.00116 2.82E-04 
18102.65 0.00544 0.00119 -0.00115 4.16E-05 
18102.7 0.00549 9.26E-04 -0.00113 -2.08E-04 
18102.75 0.00555 6.58E-04 -0.00112 -4.64E-04 
18102.8 0.00563 3.87E-04 -0.00111 -7.23E-04 
18102.85 0.00571 1.18E-04 -0.0011 -9.80E-04 
18102.9 0.0058 -1.49E-04 -0.00109 -0.00123 
 290 
18102.95 0.00589 -4.09E-04 -0.00107 -0.00148 
18103 0.00597 -6.61E-04 -0.00106 -0.00172 
18103.05 0.00605 -9.02E-04 -0.00104 -0.00194 
18103.1 0.00612 -0.00113 -0.00102 -0.00215 
18103.15 0.00617 -0.00134 -0.001 -0.00234 
18103.2 0.0062 -0.00153 -9.86E-04 -0.00252 
18103.25 0.00621 -0.0017 -9.70E-04 -0.00267 
18103.3 0.00619 -0.00184 -9.54E-04 -0.0028 
18103.35 0.00617 -0.00196 -9.40E-04 -0.0029 
18103.4 0.00612 -0.00206 -9.28E-04 -0.00298 
18103.45 0.00607 -0.00213 -9.18E-04 -0.00305 
18103.5 0.00601 -0.00218 -9.11E-04 -0.00309 
18103.55 0.00595 -0.00221 -9.08E-04 -0.00312 
18103.6 0.00588 -0.00222 -9.08E-04 -0.00313 
18103.65 0.00582 -0.00222 -9.12E-04 -0.00313 
18103.7 0.00577 -0.00221 -9.20E-04 -0.00313 
18103.75 0.00572 -0.00219 -9.33E-04 -0.00312 
18103.8 0.00569 -0.00215 -9.51E-04 -0.0031 
18103.85 0.00567 -0.00211 -9.72E-04 -0.00309 
18103.9 0.00568 -0.00207 -9.97E-04 -0.00307 
18103.95 0.0057 -0.00202 -0.00102 -0.00305 
18104 0.00575 -0.00198 -0.00105 -0.00303 
18104.05 0.00583 -0.00193 -0.00109 -0.00302 
18104.1 0.00594 -0.00189 -0.00112 -0.00301 
18104.15 0.00606 -0.00185 -0.00116 -0.00301 
18104.2 0.00621 -0.00182 -0.00119 -0.00301 
18104.25 0.00637 -0.0018 -0.00123 -0.00303 
18104.3 0.00655 -0.00179 -0.00127 -0.00306 
18104.35 0.00673 -0.0018 -0.0013 -0.0031 
18104.4 0.00692 -0.00181 -0.00134 -0.00315 
18104.45 0.00711 -0.00184 -0.00137 -0.00321 
18104.5 0.0073 -0.00188 -0.00141 -0.00328 
18104.55 0.00748 -0.00192 -0.00144 -0.00336 
18104.6 0.00766 -0.00198 -0.00147 -0.00345 
18104.65 0.00782 -0.00204 -0.0015 -0.00354 
18104.7 0.00797 -0.00211 -0.00153 -0.00364 
18104.75 0.00809 -0.00218 -0.00156 -0.00374 
18104.8 0.0082 -0.00226 -0.0016 -0.00385 
18104.85 0.00828 -0.00234 -0.00163 -0.00397 
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18104.9 0.00833 -0.00242 -0.00167 -0.00409 
18104.95 0.00835 -0.0025 -0.00171 -0.00422 
18105 0.00836 -0.00259 -0.00176 -0.00435 
18105.05 0.00834 -0.00267 -0.00181 -0.00448 
18105.1 0.00829 -0.00276 -0.00186 -0.00462 
18105.15 0.00823 -0.00284 -0.00192 -0.00475 
18105.2 0.00814 -0.00291 -0.00198 -0.0049 
18105.25 0.00803 -0.00299 -0.00205 -0.00504 
18105.3 0.00791 -0.00305 -0.00213 -0.00519 
18105.35 0.00776 -0.00311 -0.00222 -0.00533 
18105.4 0.0076 -0.00317 -0.00231 -0.00548 
18105.45 0.00742 -0.00321 -0.0024 -0.00562 
18105.5 0.00723 -0.00325 -0.0025 -0.00576 
18105.55 0.00701 -0.00328 -0.0026 -0.00589 
18105.6 0.00679 -0.00331 -0.0027 -0.00601 
18105.65 0.00655 -0.00332 -0.0028 -0.00613 
18105.7 0.0063 -0.00333 -0.0029 -0.00623 
18105.75 0.00603 -0.00332 -0.003 -0.00632 
18105.8 0.00576 -0.00331 -0.00309 -0.0064 
18105.85 0.00548 -0.00328 -0.00318 -0.00646 
18105.9 0.00519 -0.00325 -0.00326 -0.00651 
18105.95 0.0049 -0.0032 -0.00333 -0.00653 
18106 0.0046 -0.00314 -0.0034 -0.00654 
18106.05 0.0043 -0.00307 -0.00345 -0.00652 
18106.1 0.00399 -0.00299 -0.00349 -0.00648 
18106.15 0.00368 -0.00289 -0.00352 -0.00641 
18106.2 0.00338 -0.00278 -0.00354 -0.00632 
18106.25 0.00308 -0.00266 -0.00355 -0.0062 
18106.3 0.00278 -0.00252 -0.00354 -0.00607 
18106.35 0.00248 -0.00237 -0.00353 -0.0059 
18106.4 0.00219 -0.00221 -0.00351 -0.00572 
18106.45 0.00191 -0.00203 -0.00349 -0.00552 
18106.5 0.00163 -0.00185 -0.00345 -0.0053 
18106.55 0.00136 -0.00166 -0.00341 -0.00507 
18106.6 0.0011 -0.00147 -0.00337 -0.00484 
18106.65 8.49E-04 -0.00128 -0.00333 -0.0046 
18106.7 6.03E-04 -0.00109 -0.00328 -0.00437 
18106.75 3.65E-04 -9.05E-04 -0.00323 -0.00413 
18106.8 1.34E-04 -7.30E-04 -0.00318 -0.00391 
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18106.85 -8.89E-05 -5.66E-04 -0.00313 -0.00369 
18106.9 -3.04E-04 -4.15E-04 -0.00308 -0.00349 
18106.95 -5.12E-04 -2.80E-04 -0.00303 -0.00331 
18107 -7.11E-04 -1.65E-04 -0.00299 -0.00315 
18107.05 -9.03E-04 -7.06E-05 -0.00295 -0.00302 
18107.1 -0.00109 -7.94E-07 -0.00291 -0.00291 
18107.15 -0.00126 4.21E-05 -0.00287 -0.00283 
18107.2 -0.00143 5.53E-05 -0.00284 -0.00279 
18107.25 -0.00159 3.61E-05 -0.00281 -0.00278 
18107.3 -0.00174 -1.81E-05 -0.00279 -0.0028 
18107.35 -0.00188 -1.10E-04 -0.00276 -0.00287 
18107.4 -0.00202 -2.42E-04 -0.00274 -0.00299 
18107.45 -0.00215 -4.15E-04 -0.00273 -0.00314 
18107.5 -0.00227 -6.25E-04 -0.00271 -0.00334 
18107.55 -0.00238 -8.70E-04 -0.0027 -0.00357 
18107.6 -0.00248 -0.00115 -0.00269 -0.00384 
18107.65 -0.00257 -0.00145 -0.00269 -0.00414 
18107.7 -0.00266 -0.00178 -0.00268 -0.00447 
18107.75 -0.00274 -0.00214 -0.00268 -0.00482 
18107.8 -0.00281 -0.00251 -0.00268 -0.00519 
18107.85 -0.00287 -0.0029 -0.00269 -0.00559 
18107.9 -0.00292 -0.00331 -0.00269 -0.006 
18107.95 -0.00297 -0.00373 -0.0027 -0.00643 
18108 -0.003 -0.00415 -0.00271 -0.00686 
18108.05 -0.00303 -0.00458 -0.00272 -0.00731 
18108.1 -0.00305 -0.00502 -0.00273 -0.00775 
18108.15 -0.00306 -0.00545 -0.00275 -0.0082 
18108.2 -0.00307 -0.00588 -0.00276 -0.00864 
18108.25 -0.00307 -0.00631 -0.00277 -0.00908 
18108.3 -0.00305 -0.00672 -0.00278 -0.0095 
18108.35 -0.00304 -0.00712 -0.00279 -0.00992 
18108.4 -0.00301 -0.00751 -0.0028 -0.01032 
18108.45 -0.00298 -0.00788 -0.00281 -0.01069 
18108.5 -0.00294 -0.00823 -0.00282 -0.01105 
18108.55 -0.00289 -0.00856 -0.00282 -0.01138 
18108.6 -0.00283 -0.00888 -0.00282 -0.01169 
18108.65 -0.00277 -0.00917 -0.00282 -0.01198 
18108.7 -0.00271 -0.00943 -0.00281 -0.01224 
18108.75 -0.00263 -0.00968 -0.0028 -0.01248 
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18108.8 -0.00255 -0.00991 -0.00279 -0.0127 
18108.85 -0.00246 -0.01012 -0.00277 -0.01289 
18108.9 -0.00237 -0.01031 -0.00275 -0.01306 
18108.95 -0.00228 -0.01047 -0.00274 -0.01321 
18109 -0.00218 -0.01062 -0.00272 -0.01333 
18109.05 -0.00208 -0.01074 -0.0027 -0.01343 
18109.1 -0.00199 -0.01084 -0.00268 -0.01352 
18109.15 -0.0019 -0.01092 -0.00266 -0.01358 
18109.2 -0.00181 -0.01098 -0.00264 -0.01362 
18109.25 -0.00173 -0.01102 -0.00263 -0.01364 
18109.3 -0.00167 -0.01103 -0.00261 -0.01364 
18109.35 -0.00161 -0.01102 -0.0026 -0.01363 
18109.4 -0.00156 -0.011 -0.0026 -0.01359 
18109.45 -0.00153 -0.01094 -0.0026 -0.01354 
18109.5 -0.00152 -0.01087 -0.0026 -0.01347 
18109.55 -0.00152 -0.01078 -0.00261 -0.01339 
18109.6 -0.00155 -0.01066 -0.00263 -0.01329 
18109.65 -0.00159 -0.01052 -0.00265 -0.01317 
18109.7 -0.00166 -0.01036 -0.00268 -0.01304 
18109.75 -0.00174 -0.01019 -0.00271 -0.0129 
18109.8 -0.00185 -0.00999 -0.00275 -0.01274 
18109.85 -0.00197 -0.00978 -0.00279 -0.01257 
18109.9 -0.00212 -0.00956 -0.00283 -0.01239 
18109.95 -0.00228 -0.00932 -0.00288 -0.0122 
18110 -0.00245 -0.00907 -0.00292 -0.01199 
18110.05 -0.00264 -0.0088 -0.00297 -0.01177 
18110.1 -0.00285 -0.00853 -0.00301 -0.01154 
18110.15 -0.00306 -0.00825 -0.00306 -0.0113 
18110.2 -0.00329 -0.00796 -0.00309 -0.01105 
18110.25 -0.00353 -0.00766 -0.00313 -0.01079 
18110.3 -0.00378 -0.00736 -0.00316 -0.01052 
18110.35 -0.00404 -0.00705 -0.00319 -0.01024 
18110.4 -0.0043 -0.00674 -0.0032 -0.00995 
18110.45 -0.00457 -0.00643 -0.00322 -0.00965 
18110.5 -0.00485 -0.00612 -0.00322 -0.00934 
18110.55 -0.00513 -0.00581 -0.00321 -0.00902 
18110.6 -0.00541 -0.0055 -0.0032 -0.0087 
18110.65 -0.00568 -0.00519 -0.00318 -0.00837 
18110.7 -0.00594 -0.00489 -0.00315 -0.00804 
 294 
18110.75 -0.00619 -0.00459 -0.00311 -0.00771 
18110.8 -0.00642 -0.0043 -0.00307 -0.00738 
18110.85 -0.00664 -0.00402 -0.00303 -0.00705 
18110.9 -0.00683 -0.00374 -0.00298 -0.00673 
18110.95 -0.007 -0.00348 -0.00293 -0.00641 
18111 -0.00714 -0.00323 -0.00288 -0.0061 
18111.05 -0.00725 -0.00299 -0.00282 -0.00581 
18111.1 -0.00733 -0.00276 -0.00276 -0.00552 
18111.15 -0.00736 -0.00254 -0.00271 -0.00525 
18111.2 -0.00735 -0.00235 -0.00265 -0.005 
18111.25 -0.0073 -0.00217 -0.0026 -0.00477 
18111.3 -0.00721 -0.00201 -0.00255 -0.00455 
18111.35 -0.00708 -0.00186 -0.0025 -0.00436 
18111.4 -0.00692 -0.00174 -0.00246 -0.0042 
18111.45 -0.00673 -0.00164 -0.00242 -0.00406 
18111.5 -0.00654 -0.00156 -0.00238 -0.00395 
18111.55 -0.00633 -0.00151 -0.00235 -0.00386 
18111.6 -0.00613 -0.00148 -0.00233 -0.00381 
18111.65 -0.00593 -0.00148 -0.00231 -0.00379 
18111.7 -0.00575 -0.0015 -0.0023 -0.0038 
18111.75 -0.00558 -0.00156 -0.00229 -0.00384 
18111.8 -0.00545 -0.00164 -0.00228 -0.00392 
18111.85 -0.00535 -0.00175 -0.00228 -0.00403 
18111.9 -0.00529 -0.00189 -0.00228 -0.00417 
18111.95 -0.00528 -0.00206 -0.00228 -0.00434 
18112 -0.00532 -0.00225 -0.00229 -0.00453 
18112.05 -0.00543 -0.00246 -0.00229 -0.00475 
18112.1 -0.00561 -0.00269 -0.00231 -0.005 
18112.15 -0.00584 -0.00294 -0.00232 -0.00526 
18112.2 -0.00611 -0.0032 -0.00233 -0.00554 
18112.25 -0.00644 -0.00348 -0.00235 -0.00583 
18112.3 -0.0068 -0.00377 -0.00237 -0.00614 
18112.35 -0.00719 -0.00406 -0.00239 -0.00646 
18112.4 -0.0076 -0.00437 -0.00241 -0.00678 
18112.45 -0.00803 -0.00468 -0.00243 -0.00712 
18112.5 -0.00847 -0.005 -0.00246 -0.00745 
18112.55 -0.00891 -0.00532 -0.00248 -0.00779 
18112.6 -0.00934 -0.00564 -0.0025 -0.00814 
18112.65 -0.00977 -0.00595 -0.00252 -0.00847 
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18112.7 -0.01018 -0.00626 -0.00254 -0.00881 
18112.75 -0.01057 -0.00657 -0.00256 -0.00914 
18112.8 -0.01093 -0.00687 -0.00258 -0.00946 
18112.85 -0.01125 -0.00716 -0.0026 -0.00976 
18112.9 -0.01153 -0.00744 -0.00262 -0.01006 
18112.95 -0.01178 -0.0077 -0.00264 -0.01034 
18113 -0.012 -0.00795 -0.00265 -0.0106 
18113.05 -0.01218 -0.00819 -0.00266 -0.01085 
18113.1 -0.01233 -0.00841 -0.00267 -0.01108 
18113.15 -0.01245 -0.00861 -0.00268 -0.01129 
18113.2 -0.01254 -0.0088 -0.00268 -0.01148 
18113.25 -0.0126 -0.00897 -0.00268 -0.01166 
18113.3 -0.01262 -0.00913 -0.00268 -0.01181 
18113.35 -0.01262 -0.00927 -0.00268 -0.01195 
18113.4 -0.0126 -0.0094 -0.00267 -0.01206 
18113.45 -0.01254 -0.0095 -0.00265 -0.01216 
18113.5 -0.01246 -0.00959 -0.00264 -0.01223 
18113.55 -0.01236 -0.00967 -0.00262 -0.01228 
18113.6 -0.01223 -0.00972 -0.00259 -0.01231 
18113.65 -0.01208 -0.00976 -0.00257 -0.01232 
18113.7 -0.01191 -0.00978 -0.00254 -0.01232 
18113.75 -0.01171 -0.00978 -0.00251 -0.01229 
18113.8 -0.01151 -0.00976 -0.00248 -0.01223 
18113.85 -0.01128 -0.00972 -0.00244 -0.01216 
18113.9 -0.01105 -0.00966 -0.00241 -0.01207 
18113.95 -0.0108 -0.00959 -0.00237 -0.01196 
18114 -0.01055 -0.00949 -0.00234 -0.01183 
18114.05 -0.0103 -0.00937 -0.00231 -0.01168 
18114.1 -0.01004 -0.00924 -0.00227 -0.01151 
18114.15 -0.00978 -0.00908 -0.00224 -0.01132 
18114.2 -0.00952 -0.00891 -0.00221 -0.01111 
18114.25 -0.00926 -0.00872 -0.00218 -0.01089 
18114.3 -0.00902 -0.00851 -0.00215 -0.01066 
18114.35 -0.00878 -0.00829 -0.00212 -0.01041 
18114.4 -0.00855 -0.00806 -0.0021 -0.01016 
18114.45 -0.00833 -0.00782 -0.00207 -0.0099 
18114.5 -0.00813 -0.00758 -0.00205 -0.00963 
18114.55 -0.00794 -0.00733 -0.00204 -0.00936 
18114.6 -0.00777 -0.00707 -0.00202 -0.00909 
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18114.65 -0.00761 -0.00681 -0.00201 -0.00882 
18114.7 -0.00746 -0.00655 -0.002 -0.00855 
18114.75 -0.00733 -0.00629 -0.00199 -0.00828 
18114.8 -0.00721 -0.00603 -0.00198 -0.00801 
18114.85 -0.00711 -0.00577 -0.00197 -0.00775 
18114.9 -0.00702 -0.00553 -0.00197 -0.00749 
18114.95 -0.00694 -0.00528 -0.00196 -0.00725 
18115 -0.00689 -0.00505 -0.00196 -0.00701 
18115.05 -0.00684 -0.00483 -0.00195 -0.00678 
18115.1 -0.00681 -0.00462 -0.00195 -0.00657 
18115.15 -0.0068 -0.00443 -0.00194 -0.00637 
18115.2 -0.0068 -0.00425 -0.00193 -0.00618 
18115.25 -0.00682 -0.00409 -0.00193 -0.00601 
18115.3 -0.00685 -0.00394 -0.00192 -0.00586 
18115.35 -0.0069 -0.00382 -0.00191 -0.00573 
18115.4 -0.00695 -0.00371 -0.0019 -0.00561 
18115.45 -0.00702 -0.00363 -0.00189 -0.00551 
18115.5 -0.00709 -0.00355 -0.00187 -0.00543 
18115.55 -0.00717 -0.0035 -0.00186 -0.00536 
18115.6 -0.00725 -0.00345 -0.00184 -0.0053 
18115.65 -0.00734 -0.00343 -0.00183 -0.00525 
18115.7 -0.00742 -0.00341 -0.00181 -0.00522 
18115.75 -0.00751 -0.00341 -0.00179 -0.0052 
18115.8 -0.00759 -0.00342 -0.00177 -0.00519 
18115.85 -0.00767 -0.00343 -0.00175 -0.00519 
18115.9 -0.00774 -0.00346 -0.00173 -0.00519 
18115.95 -0.00781 -0.0035 -0.00171 -0.00521 
18116 -0.00786 -0.00354 -0.00169 -0.00523 
18116.05 -0.00791 -0.00359 -0.00167 -0.00526 
18116.1 -0.00794 -0.00365 -0.00165 -0.0053 
18116.15 -0.00796 -0.00371 -0.00163 -0.00534 
18116.2 -0.00798 -0.00378 -0.00161 -0.00539 
18116.25 -0.00798 -0.00385 -0.00159 -0.00545 
18116.3 -0.00798 -0.00393 -0.00157 -0.0055 
18116.35 -0.00797 -0.004 -0.00156 -0.00556 
18116.4 -0.00796 -0.00408 -0.00154 -0.00562 
18116.45 -0.00794 -0.00416 -0.00153 -0.00568 
18116.5 -0.00791 -0.00423 -0.00151 -0.00575 
18116.55 -0.00788 -0.00431 -0.0015 -0.00581 
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18116.6 -0.00784 -0.00438 -0.00149 -0.00587 
18116.65 -0.0078 -0.00446 -0.00148 -0.00594 
18116.7 -0.00776 -0.00453 -0.00147 -0.006 
18116.75 -0.00771 -0.0046 -0.00146 -0.00606 
18116.8 -0.00767 -0.00467 -0.00145 -0.00613 
18116.85 -0.00762 -0.00474 -0.00145 -0.00619 
18116.9 -0.00758 -0.00481 -0.00144 -0.00626 
18116.95 -0.00753 -0.00488 -0.00144 -0.00632 
18117 -0.00749 -0.00494 -0.00144 -0.00638 
18117.05 -0.00744 -0.00501 -0.00144 -0.00645 
18117.1 -0.0074 -0.00507 -0.00144 -0.00651 
18117.15 -0.00736 -0.00513 -0.00144 -0.00657 
18117.2 -0.00732 -0.00519 -0.00145 -0.00664 
18117.25 -0.00728 -0.00525 -0.00145 -0.0067 
18117.3 -0.00725 -0.0053 -0.00146 -0.00676 
18117.35 -0.00722 -0.00536 -0.00147 -0.00682 
18117.4 -0.00719 -0.00541 -0.00147 -0.00688 
18117.45 -0.00717 -0.00546 -0.00148 -0.00694 
18117.5 -0.00715 -0.0055 -0.0015 -0.007 
18117.55 -0.00713 -0.00555 -0.00151 -0.00706 
18117.6 -0.00713 -0.00559 -0.00152 -0.00711 
18117.65 -0.00712 -0.00563 -0.00154 -0.00717 
18117.7 -0.00712 -0.00567 -0.00155 -0.00722 
18117.75 -0.00713 -0.00571 -0.00156 -0.00727 
18117.8 -0.00713 -0.00574 -0.00158 -0.00732 
18117.85 -0.00713 -0.00578 -0.00159 -0.00737 
18117.9 -0.00712 -0.0058 -0.00161 -0.00741 
18117.95 -0.0071 -0.00583 -0.00162 -0.00745 
18118 -0.00707 -0.00585 -0.00163 -0.00749 
18118.05 -0.00703 -0.00587 -0.00164 -0.00752 
18118.1 -0.00698 -0.00589 -0.00165 -0.00754 
18118.15 -0.0069 -0.0059 -0.00166 -0.00756 
18118.2 -0.00681 -0.00591 -0.00167 -0.00758 
18118.25 -0.00669 -0.00592 -0.00167 -0.00759 
18118.3 -0.00655 -0.00592 -0.00167 -0.00759 
18118.35 -0.00638 -0.00592 -0.00167 -0.00759 
18118.4 -0.00617 -0.00591 -0.00167 -0.00758 
18118.45 -0.00594 -0.0059 -0.00166 -0.00756 
18118.5 -0.00568 -0.00589 -0.00165 -0.00753 
 298 
18118.55 -0.00539 -0.00587 -0.00163 -0.0075 
18118.6 -0.00509 -0.00585 -0.00161 -0.00746 
18118.65 -0.00478 -0.00582 -0.00159 -0.00741 
18118.7 -0.00447 -0.00579 -0.00156 -0.00735 
18118.75 -0.00415 -0.00575 -0.00153 -0.00728 
18118.8 -0.00385 -0.00571 -0.0015 -0.0072 
18118.85 -0.00356 -0.00566 -0.00146 -0.00712 
18118.9 -0.00329 -0.00561 -0.00142 -0.00703 
18118.95 -0.00305 -0.00555 -0.00138 -0.00693 
18119 -0.00284 -0.00549 -0.00133 -0.00682 
18119.05 -0.00268 -0.00542 -0.00129 -0.00671 
18119.1 -0.00256 -0.00535 -0.00124 -0.00659 
18119.15 -0.00249 -0.00527 -0.00119 -0.00647 
18119.2 -0.00248 -0.0052 -0.00114 -0.00634 
18119.25 -0.00254 -0.00512 -0.00109 -0.00621 
18119.3 -0.00266 -0.00503 -0.00104 -0.00608 
18119.35 -0.00284 -0.00495 -9.93E-04 -0.00594 
18119.4 -0.00306 -0.00487 -9.43E-04 -0.00581 
18119.45 -0.00334 -0.00478 -8.93E-04 -0.00567 
18119.5 -0.00365 -0.0047 -8.44E-04 -0.00554 
18119.55 -0.00399 -0.00461 -7.96E-04 -0.00541 
18119.6 -0.00435 -0.00453 -7.49E-04 -0.00528 
18119.65 -0.00474 -0.00445 -7.04E-04 -0.00515 
18119.7 -0.00513 -0.00437 -6.60E-04 -0.00503 
18119.75 -0.00553 -0.00429 -6.19E-04 -0.00491 
18119.8 -0.00593 -0.00422 -5.79E-04 -0.0048 
18119.85 -0.00632 -0.00415 -5.41E-04 -0.00469 
18119.9 -0.0067 -0.00409 -5.06E-04 -0.0046 
18119.95 -0.00706 -0.00403 -4.72E-04 -0.0045 
18120 -0.00739 -0.00398 -4.40E-04 -0.00442 
18120.05 -0.00769 -0.00393 -4.10E-04 -0.00434 
18120.1 -0.00795 -0.00389 -3.83E-04 -0.00427 
18120.15 -0.00817 -0.00386 -3.57E-04 -0.00421 
18120.2 -0.00836 -0.00383 -3.33E-04 -0.00416 
18120.25 -0.00852 -0.00381 -3.11E-04 -0.00412 
18120.3 -0.00864 -0.0038 -2.91E-04 -0.00409 
18120.35 -0.00872 -0.0038 -2.73E-04 -0.00407 
18120.4 -0.00877 -0.0038 -2.57E-04 -0.00406 
18120.45 -0.00879 -0.00381 -2.44E-04 -0.00405 
 299 
18120.5 -0.00877 -0.00382 -2.32E-04 -0.00405 
18120.55 -0.00871 -0.00384 -2.22E-04 -0.00406 
18120.6 -0.00862 -0.00386 -2.14E-04 -0.00408 
18120.65 -0.0085 -0.00389 -2.08E-04 -0.0041 
18120.7 -0.00834 -0.00392 -2.04E-04 -0.00412 
18120.75 -0.00815 -0.00395 -2.02E-04 -0.00415 
18120.8 -0.00792 -0.00398 -2.02E-04 -0.00419 
18120.85 -0.00766 -0.00402 -2.04E-04 -0.00422 
18120.9 -0.00737 -0.00406 -2.08E-04 -0.00427 
18120.95 -0.00705 -0.0041 -2.14E-04 -0.00431 
18121 -0.00672 -0.00413 -2.22E-04 -0.00436 
18121.05 -0.00637 -0.00417 -2.31E-04 -0.0044 
18121.1 -0.00601 -0.00421 -2.42E-04 -0.00445 
18121.15 -0.00565 -0.00425 -2.54E-04 -0.0045 
18121.2 -0.0053 -0.00428 -2.68E-04 -0.00455 
18121.25 -0.00495 -0.00431 -2.83E-04 -0.0046 
18121.3 -0.00461 -0.00434 -2.99E-04 -0.00464 
18121.35 -0.0043 -0.00437 -3.17E-04 -0.00469 
18121.4 -0.00401 -0.00439 -3.35E-04 -0.00473 
18121.45 -0.00375 -0.00441 -3.55E-04 -0.00477 
18121.5 -0.00353 -0.00442 -3.75E-04 -0.0048 
18121.55 -0.00336 -0.00443 -3.97E-04 -0.00483 
18121.6 -0.00323 -0.00444 -4.19E-04 -0.00486 
18121.65 -0.00315 -0.00444 -4.42E-04 -0.00488 
18121.7 -0.00312 -0.00443 -4.65E-04 -0.0049 
18121.75 -0.00314 -0.00442 -4.89E-04 -0.00491 
18121.8 -0.00319 -0.00441 -5.13E-04 -0.00492 
18121.85 -0.00329 -0.00439 -5.38E-04 -0.00493 
18121.9 -0.00342 -0.00437 -5.63E-04 -0.00493 
18121.95 -0.00357 -0.00435 -5.88E-04 -0.00494 
18122 -0.00376 -0.00432 -6.13E-04 -0.00493 
18122.05 -0.00397 -0.00429 -6.38E-04 -0.00493 
18122.1 -0.00419 -0.00426 -6.63E-04 -0.00492 
18122.15 -0.00444 -0.00422 -6.87E-04 -0.00491 
18122.2 -0.00469 -0.00419 -7.10E-04 -0.0049 
18122.25 -0.00495 -0.00415 -7.33E-04 -0.00488 
18122.3 -0.00521 -0.00411 -7.55E-04 -0.00486 
18122.35 -0.00548 -0.00406 -7.75E-04 -0.00484 
18122.4 -0.00574 -0.00402 -7.95E-04 -0.00481 
 300 
18122.45 -0.006 -0.00397 -8.12E-04 -0.00478 
18122.5 -0.00624 -0.00392 -8.28E-04 -0.00475 
18122.55 -0.00647 -0.00387 -8.42E-04 -0.00472 
18122.6 -0.00669 -0.00383 -8.55E-04 -0.00468 
18122.65 -0.00688 -0.00378 -8.64E-04 -0.00464 
18122.7 -0.00706 -0.00373 -8.72E-04 -0.0046 
18122.75 -0.00721 -0.00367 -8.77E-04 -0.00455 
18122.8 -0.00733 -0.00362 -8.79E-04 -0.0045 
18122.85 -0.00741 -0.00357 -8.78E-04 -0.00445 
18122.9 -0.00747 -0.00352 -8.75E-04 -0.0044 
18122.95 -0.00749 -0.00347 -8.68E-04 -0.00434 
18123 -0.00746 -0.00342 -8.57E-04 -0.00428 
18123.05 -0.0074 -0.00337 -8.43E-04 -0.00422 
18123.1 -0.00729 -0.00332 -8.25E-04 -0.00415 
18123.15 -0.00712 -0.00327 -8.03E-04 -0.00408 
18123.2 -0.00691 -0.00322 -7.78E-04 -0.004 
18123.25 -0.00664 -0.00317 -7.49E-04 -0.00392 
18123.3 -0.00632 -0.00312 -7.17E-04 -0.00384 
18123.35 -0.00596 -0.00307 -6.82E-04 -0.00376 
18123.4 -0.00556 -0.00302 -6.44E-04 -0.00367 
18123.45 -0.00513 -0.00298 -6.03E-04 -0.00358 
18123.5 -0.00466 -0.00293 -5.59E-04 -0.00349 
18123.55 -0.00418 -0.00288 -5.13E-04 -0.00339 
18123.6 -0.00368 -0.00283 -4.64E-04 -0.00329 
18123.65 -0.00316 -0.00278 -4.14E-04 -0.0032 
18123.7 -0.00264 -0.00273 -3.61E-04 -0.00309 
18123.75 -0.00212 -0.00269 -3.06E-04 -0.00299 
18123.8 -0.0016 -0.00264 -2.50E-04 -0.00289 
18123.85 -0.0011 -0.00259 -1.92E-04 -0.00278 
18123.9 -6.04E-04 -0.00254 -1.32E-04 -0.00268 
18123.95 -1.34E-04 -0.0025 -7.16E-05 -0.00257 
18124 3.09E-04 -0.00245 -9.83E-06 -0.00246 
18124.05 7.21E-04 -0.00241 5.29E-05 -0.00235 
18124.1 0.0011 -0.00236 1.16E-04 -0.00224 
18124.15 0.00144 -0.00231 1.80E-04 -0.00213 
18124.2 0.00174 -0.00227 2.45E-04 -0.00202 
18124.25 0.00201 -0.00223 3.10E-04 -0.00192 
18124.3 0.00223 -0.00218 3.75E-04 -0.00181 
18124.35 0.00241 -0.00214 4.40E-04 -0.0017 
 301 
18124.4 0.00254 -0.0021 5.05E-04 -0.00159 
18124.45 0.00262 -0.00206 5.71E-04 -0.00149 
18124.5 0.00265 -0.00202 6.36E-04 -0.00138 
18124.55 0.00263 -0.00198 7.02E-04 -0.00128 
18124.6 0.00256 -0.00194 7.68E-04 -0.00118 
18124.65 0.00243 -0.00191 8.34E-04 -0.00108 
18124.7 0.00225 -0.00188 8.99E-04 -9.77E-04 
18124.75 0.002 -0.00184 9.65E-04 -8.80E-04 
18124.8 0.00169 -0.00182 0.00103 -7.85E-04 
18124.85 0.00132 -0.00179 0.0011 -6.92E-04 
18124.9 8.92E-04 -0.00176 0.00116 -6.01E-04 
18124.95 4.16E-04 -0.00174 0.00123 -5.13E-04 
18125 -1.02E-04 -0.00172 0.00129 -4.27E-04 
18125.05 -6.52E-04 -0.0017 0.00136 -3.44E-04 
18125.1 -0.00123 -0.00169 0.00143 -2.63E-04 
18125.15 -0.00182 -0.00168 0.00149 -1.86E-04 
18125.2 -0.00242 -0.00167 0.00156 -1.11E-04 
18125.25 -0.00301 -0.00166 0.00162 -4.01E-05 
18125.3 -0.0036 -0.00166 0.00169 2.78E-05 
18125.35 -0.00418 -0.00166 0.00175 9.22E-05 
18125.4 -0.00473 -0.00166 0.00182 1.53E-04 
18125.45 -0.00524 -0.00167 0.00188 2.10E-04 
18125.5 -0.00572 -0.00168 0.00195 2.63E-04 
18125.55 -0.00615 -0.0017 0.00201 3.13E-04 
18125.6 -0.00652 -0.00171 0.00207 3.59E-04 
18125.65 -0.00682 -0.00174 0.00214 4.01E-04 
18125.7 -0.00706 -0.00176 0.0022 4.40E-04 
18125.75 -0.00724 -0.00178 0.00226 4.76E-04 
18125.8 -0.00737 -0.00181 0.00232 5.08E-04 
18125.85 -0.00744 -0.00184 0.00238 5.37E-04 
18125.9 -0.00746 -0.00188 0.00244 5.63E-04 
18125.95 -0.00744 -0.00191 0.00249 5.85E-04 
18126 -0.00738 -0.00195 0.00255 6.04E-04 
18126.05 -0.00729 -0.00198 0.0026 6.21E-04 
18126.1 -0.00716 -0.00202 0.00266 6.34E-04 
18126.15 -0.007 -0.00206 0.00271 6.45E-04 
18126.2 -0.00682 -0.0021 0.00275 6.52E-04 
18126.25 -0.00662 -0.00214 0.0028 6.57E-04 
18126.3 -0.0064 -0.00219 0.00284 6.60E-04 
 302 
18126.35 -0.00617 -0.00223 0.00289 6.59E-04 
18126.4 -0.00594 -0.00227 0.00293 6.56E-04 
18126.45 -0.0057 -0.00231 0.00296 6.51E-04 
18126.5 -0.00545 -0.00235 0.003 6.43E-04 
18126.55 -0.00521 -0.0024 0.00303 6.33E-04 
18126.6 -0.00496 -0.00244 0.00306 6.21E-04 
18126.65 -0.00471 -0.00248 0.00308 6.06E-04 
18126.7 -0.00446 -0.00252 0.0031 5.89E-04 
18126.75 -0.0042 -0.00255 0.00312 5.70E-04 
18126.8 -0.00394 -0.00259 0.00314 5.50E-04 
18126.85 -0.00368 -0.00262 0.00315 5.27E-04 
18126.9 -0.00342 -0.00266 0.00316 5.03E-04 
18126.95 -0.00315 -0.00269 0.00317 4.78E-04 
18127 -0.00289 -0.00272 0.00317 4.51E-04 
18127.05 -0.00261 -0.00275 0.00317 4.23E-04 
18127.1 -0.00234 -0.00277 0.00316 3.94E-04 
18127.15 -0.00206 -0.00279 0.00316 3.64E-04 
18127.2 -0.00179 -0.00281 0.00314 3.33E-04 
18127.25 -0.0015 -0.00283 0.00313 3.01E-04 
18127.3 -0.00122 -0.00284 0.00311 2.69E-04 
18127.35 -9.38E-04 -0.00285 0.00309 2.36E-04 
18127.4 -6.57E-04 -0.00286 0.00306 2.03E-04 
18127.45 -3.81E-04 -0.00286 0.00303 1.70E-04 
18127.5 -1.12E-04 -0.00286 0.003 1.37E-04 
18127.55 1.49E-04 -0.00285 0.00296 1.04E-04 
18127.6 4.00E-04 -0.00284 0.00292 7.12E-05 
18127.65 6.39E-04 -0.00283 0.00287 3.87E-05 
18127.7 8.63E-04 -0.00281 0.00282 6.59E-06 
18127.75 0.00107 -0.00279 0.00276 -2.49E-05 
18127.8 0.00126 -0.00276 0.00271 -5.56E-05 
18127.85 0.00143 -0.00273 0.00264 -8.55E-05 
18127.9 0.00158 -0.00269 0.00258 -1.14E-04 
18127.95 0.0017 -0.00265 0.00251 -1.42E-04 
18128 0.0018 -0.0026 0.00243 -1.68E-04 
18128.05 0.00186 -0.00255 0.00235 -1.91E-04 
18128.1 0.00191 -0.00249 0.00227 -2.12E-04 
18128.15 0.00192 -0.00242 0.00219 -2.29E-04 
18128.2 0.00191 -0.00235 0.0021 -2.42E-04 
18128.25 0.00187 -0.00227 0.00202 -2.52E-04 
 303 
18128.3 0.00182 -0.00219 0.00193 -2.57E-04 
18128.35 0.00174 -0.0021 0.00184 -2.59E-04 
18128.4 0.00165 -0.002 0.00175 -2.57E-04 
18128.45 0.00154 -0.0019 0.00165 -2.52E-04 
18128.5 0.00142 -0.0018 0.00156 -2.43E-04 
18128.55 0.00128 -0.0017 0.00147 -2.30E-04 
18128.6 0.00113 -0.00159 0.00138 -2.13E-04 
18128.65 9.72E-04 -0.00148 0.00128 -1.93E-04 
18128.7 8.05E-04 -0.00136 0.00119 -1.69E-04 
18128.75 6.33E-04 -0.00125 0.0011 -1.42E-04 
18128.8 4.56E-04 -0.00113 0.00102 -1.11E-04 
18128.85 2.76E-04 -0.00101 9.33E-04 -7.64E-05 
18128.9 9.37E-05 -8.88E-04 8.50E-04 -3.85E-05 
18128.95 -9.16E-05 -7.67E-04 7.70E-04 2.85E-06 
18129 -2.79E-04 -6.46E-04 6.93E-04 4.76E-05 
18129.05 -4.69E-04 -5.24E-04 6.20E-04 9.58E-05 
18129.1 -6.60E-04 -4.03E-04 5.50E-04 1.47E-04 
18129.15 -8.53E-04 -2.83E-04 4.85E-04 2.02E-04 
18129.2 -0.00105 -1.64E-04 4.24E-04 2.60E-04 
18129.25 -0.00124 -4.62E-05 3.67E-04 3.21E-04 
18129.3 -0.00144 6.94E-05 3.15E-04 3.84E-04 
18129.35 -0.00164 1.83E-04 2.66E-04 4.49E-04 
18129.4 -0.00183 2.93E-04 2.22E-04 5.16E-04 
18129.45 -0.00203 4.01E-04 1.82E-04 5.83E-04 
18129.5 -0.00223 5.05E-04 1.46E-04 6.52E-04 
18129.55 -0.00243 6.06E-04 1.14E-04 7.20E-04 
18129.6 -0.00263 7.03E-04 8.60E-05 7.89E-04 
18129.65 -0.00282 7.95E-04 6.17E-05 8.57E-04 
18129.7 -0.00302 8.83E-04 4.14E-05 9.25E-04 
18129.75 -0.0032 9.68E-04 2.48E-05 9.92E-04 
18129.8 -0.00339 0.00105 1.19E-05 0.00106 
18129.85 -0.00356 0.00112 2.80E-06 0.00113 
18129.9 -0.00372 0.0012 -2.70E-06 0.00119 
18129.95 -0.00387 0.00126 -4.61E-06 0.00126 
18130 -0.004 0.00133 -2.96E-06 0.00132 
18130.05 -0.00411 0.00139 2.18E-06 0.00139 
18130.1 -0.00421 0.00144 1.08E-05 0.00145 
18130.15 -0.00428 0.00149 2.28E-05 0.00152 
18130.2 -0.00433 0.00154 3.81E-05 0.00158 
 304 
18130.25 -0.00435 0.00158 5.67E-05 0.00164 
18130.3 -0.00434 0.00162 7.86E-05 0.0017 
18130.35 -0.00431 0.00165 1.04E-04 0.00176 
18130.4 -0.00424 0.00169 1.32E-04 0.00182 
18130.45 -0.00414 0.00171 1.63E-04 0.00187 
18130.5 -0.004 0.00173 1.97E-04 0.00193 
18130.55 -0.00384 0.00175 2.34E-04 0.00198 
18130.6 -0.00365 0.00176 2.73E-04 0.00204 
18130.65 -0.00344 0.00177 3.15E-04 0.00209 
18130.7 -0.00321 0.00178 3.58E-04 0.00214 
18130.75 -0.00296 0.00178 4.04E-04 0.00218 
18130.8 -0.00269 0.00177 4.51E-04 0.00223 
18130.85 -0.00242 0.00177 4.99E-04 0.00227 
18130.9 -0.00213 0.00175 5.49E-04 0.0023 
18130.95 -0.00184 0.00174 5.99E-04 0.00234 
18131 -0.00155 0.00172 6.50E-04 0.00237 
18131.05 -0.00125 0.00169 7.02E-04 0.00239 
18131.1 -9.60E-04 0.00166 7.55E-04 0.00242 
18131.15 -6.73E-04 0.00163 8.07E-04 0.00244 
18131.2 -3.93E-04 0.0016 8.59E-04 0.00246 
18131.25 -1.25E-04 0.00156 9.11E-04 0.00247 
18131.3 1.31E-04 0.00151 9.63E-04 0.00248 
18131.35 3.71E-04 0.00147 0.00101 0.00248 
18131.4 5.95E-04 0.00142 0.00106 0.00249 
18131.45 8.00E-04 0.00137 0.00111 0.00249 
18131.5 9.84E-04 0.00132 0.00116 0.00248 
18131.55 0.00115 0.00127 0.00121 0.00247 
18131.6 0.00128 0.00121 0.00125 0.00246 
18131.65 0.00139 0.00115 0.00129 0.00245 
18131.7 0.00147 0.0011 0.00134 0.00243 
18131.75 0.00152 0.00104 0.00137 0.00241 
18131.8 0.00154 9.77E-04 0.00141 0.00239 
18131.85 0.00153 9.16E-04 0.00144 0.00236 
18131.9 0.00148 8.55E-04 0.00148 0.00233 
18131.95 0.00139 7.94E-04 0.00151 0.0023 
18132 0.00126 7.32E-04 0.00154 0.00227 
18132.05 0.00108 6.71E-04 0.00156 0.00223 
18132.1 8.74E-04 6.11E-04 0.00159 0.0022 
18132.15 6.34E-04 5.51E-04 0.00161 0.00216 
 305 
18132.2 3.69E-04 4.92E-04 0.00164 0.00213 
18132.25 8.57E-05 4.34E-04 0.00166 0.00209 
18132.3 -2.09E-04 3.77E-04 0.00168 0.00205 
18132.35 -5.10E-04 3.22E-04 0.0017 0.00202 
18132.4 -8.09E-04 2.69E-04 0.00171 0.00198 
18132.45 -0.0011 2.18E-04 0.00173 0.00195 
18132.5 -0.00138 1.69E-04 0.00175 0.00192 
18132.55 -0.00164 1.22E-04 0.00176 0.00188 
18132.6 -0.00187 7.74E-05 0.00178 0.00186 
18132.65 -0.00207 3.53E-05 0.00179 0.00183 
18132.7 -0.00222 -4.22E-06 0.00181 0.0018 
18132.75 -0.00234 -4.10E-05 0.00182 0.00178 
18132.8 -0.00239 -7.51E-05 0.00183 0.00176 
18132.85 -0.0024 -1.06E-04 0.00185 0.00174 
18132.9 -0.00234 -1.34E-04 0.00186 0.00173 
18132.95 -0.00224 -1.59E-04 0.00187 0.00171 
18133 -0.00209 -1.81E-04 0.00189 0.0017 
18133.05 -0.0019 -1.99E-04 0.0019 0.0017 
18133.1 -0.00169 -2.14E-04 0.00191 0.0017 
18133.15 -0.00145 -2.25E-04 0.00193 0.0017 
18133.2 -0.0012 -2.32E-04 0.00194 0.00171 
18133.25 -9.32E-04 -2.36E-04 0.00195 0.00172 
18133.3 -6.62E-04 -2.35E-04 0.00197 0.00173 
18133.35 -3.96E-04 -2.31E-04 0.00198 0.00175 
18133.4 -1.38E-04 -2.22E-04 0.00199 0.00177 
18133.45 1.04E-04 -2.09E-04 0.00201 0.0018 
18133.5 3.24E-04 -1.91E-04 0.00202 0.00183 
18133.55 5.15E-04 -1.69E-04 0.00203 0.00186 
18133.6 6.70E-04 -1.42E-04 0.00204 0.0019 
18133.65 7.84E-04 -1.11E-04 0.00206 0.00195 
18133.7 8.56E-04 -7.44E-05 0.00207 0.00199 
18133.75 8.91E-04 -3.29E-05 0.00208 0.00205 
18133.8 8.91E-04 1.37E-05 0.00209 0.0021 
18133.85 8.62E-04 6.56E-05 0.0021 0.00217 
18133.9 8.07E-04 1.23E-04 0.00211 0.00223 
18133.95 7.31E-04 1.85E-04 0.00212 0.00231 
18134 6.37E-04 2.52E-04 0.00213 0.00238 
18134.05 5.30E-04 3.23E-04 0.00214 0.00246 
18134.1 4.14E-04 3.98E-04 0.00215 0.00255 
 306 
18134.15 2.92E-04 4.76E-04 0.00215 0.00263 
18134.2 1.70E-04 5.58E-04 0.00216 0.00272 
18134.25 5.05E-05 6.43E-04 0.00217 0.00281 
18134.3 -6.16E-05 7.30E-04 0.00217 0.0029 
18134.35 -1.62E-04 8.20E-04 0.00218 0.003 
18134.4 -2.48E-04 9.11E-04 0.00218 0.00309 
18134.45 -3.14E-04 0.001 0.00218 0.00319 
18134.5 -3.61E-04 0.0011 0.00218 0.00328 
18134.55 -3.94E-04 0.00119 0.00219 0.00338 
18134.6 -4.17E-04 0.00129 0.00219 0.00347 
18134.65 -4.36E-04 0.00138 0.00219 0.00357 
18134.7 -4.56E-04 0.00148 0.00218 0.00366 
18134.75 -4.81E-04 0.00157 0.00218 0.00375 
18134.8 -5.17E-04 0.00166 0.00218 0.00384 
18134.85 -5.68E-04 0.00175 0.00217 0.00393 
18134.9 -6.39E-04 0.00184 0.00217 0.00401 
18134.95 -7.35E-04 0.00193 0.00216 0.00409 
18135 -8.61E-04 0.00202 0.00215 0.00417 
18135.05 -0.00102 0.0021 0.00214 0.00424 
18135.1 -0.00122 0.00218 0.00213 0.00431 
18135.15 -0.00147 0.00226 0.00212 0.00438 
18135.2 -0.00176 0.00233 0.00211 0.00444 
18135.25 -0.00211 0.0024 0.0021 0.00449 
18135.3 -0.00248 0.00246 0.00208 0.00454 
18135.35 -0.00287 0.00252 0.00207 0.00459 
18135.4 -0.00325 0.00257 0.00205 0.00462 
18135.45 -0.0036 0.00262 0.00203 0.00465 
18135.5 -0.00391 0.00267 0.00201 0.00468 
18135.55 -0.00414 0.00271 0.00199 0.0047 
18135.6 -0.00429 0.00274 0.00197 0.00471 
18135.65 -0.00433 0.00278 0.00195 0.00472 
18135.7 -0.00424 0.00281 0.00192 0.00473 
18135.75 -0.004 0.00283 0.0019 0.00473 
18135.8 -0.0036 0.00286 0.00187 0.00473 
18135.85 -0.00301 0.00288 0.00184 0.00472 
18135.9 -0.00221 0.0029 0.00182 0.00471 
18135.95 -0.00118 0.00291 0.00179 0.0047 
18136 8.95E-05 0.00293 0.00176 0.00469 
18136.05 0.00157 0.00294 0.00173 0.00467 
 307 
18136.1 0.00297 0.00295 0.0017 0.00465 
18136.15 0.00397 0.00296 0.00167 0.00463 
18136.2 0.00422 0.00297 0.00164 0.00461 
18136.25 0.00341 0.00298 0.00161 0.00459 
18136.3 0.00118 0.00299 0.00158 0.00457 
18136.35 -0.00279 0.003 0.00155 0.00455 
18136.4 -0.00883 0.00301 0.00152 0.00453 
18136.45 -0.01188 0.00302 0.00149 0.00451 
18136.5 -0.01553 0.00303 0.00147 0.00449 
18136.55 -0.01842 0.00304 0.00144 0.00448 
18136.6 -0.02061 0.00305 0.00142 0.00447 
18136.65 -0.02214 0.00306 0.00139 0.00446 
18136.7 -0.02307 0.00308 0.00137 0.00445 
18136.75 -0.02344 0.00309 0.00135 0.00445 
18136.8 -0.02332 0.00311 0.00133 0.00445 
18136.85 -0.02274 0.00313 0.00132 0.00445 
18136.9 -0.02176 0.00316 0.0013 0.00446 
18136.95 -0.02043 0.00318 0.00129 0.00447 
18137 -0.01881 0.00321 0.00128 0.00449 
18137.05 -0.01694 0.00323 0.00127 0.00451 
18137.1 -0.01487 0.00326 0.00127 0.00453 
18137.15 -0.01265 0.00329 0.00126 0.00456 
18137.2 -0.01035 0.00332 0.00126 0.00459 
18137.25 -0.008 0.00335 0.00127 0.00462 
18137.3 -0.00566 0.00338 0.00127 0.00465 
18137.35 -0.00337 0.00341 0.00127 0.00469 
18137.4 -0.0012 0.00344 0.00128 0.00472 
18137.45 8.14E-04 0.00347 0.00129 0.00476 
18137.5 0.00261 0.0035 0.0013 0.0048 
18137.55 0.00416 0.00352 0.00131 0.00483 
18137.6 0.00545 0.00355 0.00132 0.00487 
18137.65 0.00651 0.00357 0.00134 0.00491 
18137.7 0.00734 0.00359 0.00135 0.00494 
18137.75 0.00797 0.00361 0.00136 0.00497 
18137.8 0.0084 0.00362 0.00138 0.005 
18137.85 0.00865 0.00364 0.0014 0.00503 
18137.9 0.00873 0.00365 0.00141 0.00506 
18137.95 0.00866 0.00365 0.00143 0.00508 
18138 0.00846 0.00365 0.00144 0.0051 
 308 
18138.05 0.00813 0.00365 0.00146 0.00511 
18138.1 0.0077 0.00365 0.00148 0.00512 
18138.15 0.00717 0.00364 0.00149 0.00513 
18138.2 0.00656 0.00362 0.00151 0.00513 
18138.25 0.00589 0.0036 0.00152 0.00512 
18138.3 0.00517 0.00358 0.00154 0.00511 
18138.35 0.00441 0.00355 0.00155 0.00509 
18138.4 0.00363 0.00351 0.00156 0.00507 
18138.45 0.00285 0.00347 0.00157 0.00504 
18138.5 0.00207 0.00342 0.00158 0.005 
18138.55 0.00132 0.00337 0.00159 0.00496 
18138.6 6.01E-04 0.00332 0.0016 0.00492 
18138.65 -6.63E-05 0.00326 0.0016 0.00487 
18138.7 -6.68E-04 0.0032 0.00161 0.00481 
18138.75 -0.00119 0.00314 0.00161 0.00475 
18138.8 -0.00165 0.00308 0.00161 0.00469 
18138.85 -0.00203 0.00301 0.00162 0.00463 
18138.9 -0.00234 0.00294 0.00162 0.00456 
18138.95 -0.00259 0.00287 0.00162 0.00449 
18139 -0.00279 0.0028 0.00162 0.00442 
18139.05 -0.00292 0.00273 0.00162 0.00435 
18139.1 -0.00301 0.00267 0.00161 0.00428 
18139.15 -0.00304 0.0026 0.00161 0.00421 
18139.2 -0.00303 0.00253 0.00161 0.00413 
18139.25 -0.00297 0.00246 0.0016 0.00406 
18139.3 -0.00288 0.00239 0.0016 0.00399 
18139.35 -0.00275 0.00233 0.00159 0.00392 
18139.4 -0.00259 0.00227 0.00159 0.00385 
18139.45 -0.0024 0.00221 0.00158 0.00379 
18139.5 -0.00219 0.00215 0.00157 0.00372 
18139.55 -0.00196 0.0021 0.00156 0.00366 
18139.6 -0.0017 0.00205 0.00155 0.00361 
18139.65 -0.00144 0.00201 0.00154 0.00355 
18139.7 -0.00116 0.00197 0.00154 0.0035 
18139.75 -8.75E-04 0.00193 0.00153 0.00346 
18139.8 -5.86E-04 0.0019 0.00151 0.00342 
18139.85 -2.97E-04 0.00188 0.0015 0.00338 
18139.9 -1.05E-05 0.00186 0.00149 0.00335 
18139.95 2.69E-04 0.00185 0.00148 0.00333 
 309 
18140 5.41E-04 0.00184 0.00147 0.00331 
18140.05 8.04E-04 0.00184 0.00146 0.0033 
18140.1 0.00106 0.00184 0.00144 0.00329 
18140.15 0.0013 0.00185 0.00143 0.00328 
18140.2 0.00154 0.00186 0.00142 0.00328 
18140.25 0.00177 0.00188 0.00141 0.00329 
18140.3 0.00198 0.00191 0.00139 0.0033 
18140.35 0.00219 0.00193 0.00138 0.00331 
18140.4 0.00239 0.00196 0.00137 0.00333 
18140.45 0.00257 0.002 0.00135 0.00335 
18140.5 0.00275 0.00204 0.00134 0.00337 
18140.55 0.00291 0.00208 0.00132 0.0034 
18140.6 0.00306 0.00212 0.00131 0.00344 
18140.65 0.0032 0.00217 0.0013 0.00347 
18140.7 0.00333 0.00223 0.00128 0.00351 
18140.75 0.00344 0.00228 0.00127 0.00355 
18140.8 0.00354 0.00234 0.00125 0.00359 
18140.85 0.00363 0.0024 0.00124 0.00364 
18140.9 0.0037 0.00246 0.00123 0.00369 
18140.95 0.00376 0.00253 0.00121 0.00374 
18141 0.00381 0.0026 0.0012 0.0038 
18141.05 0.00384 0.00267 0.00118 0.00385 
18141.1 0.00385 0.00274 0.00117 0.00391 
18141.15 0.00385 0.00281 0.00116 0.00397 
18141.2 0.00384 0.00289 0.00114 0.00403 
18141.25 0.00381 0.00296 0.00113 0.0041 
18141.3 0.00377 0.00304 0.00112 0.00416 
18141.35 0.00372 0.00312 0.00111 0.00423 
18141.4 0.00365 0.0032 0.00109 0.00429 
18141.45 0.00357 0.00328 0.00108 0.00436 
18141.5 0.00348 0.00336 0.00107 0.00443 
18141.55 0.00339 0.00344 0.00106 0.0045 
18141.6 0.00328 0.00352 0.00105 0.00457 
18141.65 0.00317 0.0036 0.00104 0.00464 
18141.7 0.00305 0.00368 0.00102 0.00471 
18141.75 0.00292 0.00376 0.00101 0.00477 
18141.8 0.00279 0.00384 0.001 0.00484 
18141.85 0.00265 0.00392 9.92E-04 0.00491 
18141.9 0.00251 0.00399 9.82E-04 0.00497 
 310 
18141.95 0.00237 0.00407 9.72E-04 0.00504 
18142 0.00223 0.00414 9.62E-04 0.0051 
18142.05 0.00209 0.00421 9.53E-04 0.00516 
18142.1 0.00194 0.00428 9.44E-04 0.00522 
18142.15 0.0018 0.00434 9.35E-04 0.00528 
18142.2 0.00166 0.0044 9.26E-04 0.00533 
18142.25 0.00152 0.00446 9.17E-04 0.00538 
18142.3 0.00138 0.00452 9.09E-04 0.00543 
18142.35 0.00125 0.00457 9.01E-04 0.00547 
18142.4 0.00113 0.00462 8.93E-04 0.00551 
18142.45 0.00101 0.00466 8.85E-04 0.00555 
18142.5 8.94E-04 0.0047 8.78E-04 0.00558 
18142.55 7.86E-04 0.00474 8.71E-04 0.00561 
18142.6 6.85E-04 0.00477 8.64E-04 0.00564 
18142.65 5.91E-04 0.0048 8.57E-04 0.00565 
18142.7 5.04E-04 0.00482 8.51E-04 0.00567 
18142.75 4.23E-04 0.00483 8.45E-04 0.00568 
18142.8 3.50E-04 0.00485 8.39E-04 0.00568 
18142.85 2.84E-04 0.00485 8.33E-04 0.00568 
18142.9 2.26E-04 0.00485 8.28E-04 0.00568 
18142.95 1.75E-04 0.00484 8.23E-04 0.00566 
18143 1.32E-04 0.00483 8.18E-04 0.00564 
18143.05 9.70E-05 0.00481 8.14E-04 0.00562 
18143.1 7.01E-05 0.00478 8.10E-04 0.00559 
18143.15 5.15E-05 0.00475 8.07E-04 0.00555 
18143.2 4.13E-05 0.00471 8.04E-04 0.00551 
18143.25 3.97E-05 0.00467 8.02E-04 0.00547 
18143.3 4.69E-05 0.00462 8.00E-04 0.00542 
18143.35 6.31E-05 0.00457 7.99E-04 0.00537 
18143.4 8.83E-05 0.00452 7.98E-04 0.00531 
18143.45 1.23E-04 0.00446 7.98E-04 0.00526 
18143.5 1.67E-04 0.0044 7.98E-04 0.0052 
18143.55 2.20E-04 0.00433 7.99E-04 0.00513 
18143.6 2.83E-04 0.00427 8.01E-04 0.00507 
18143.65 3.56E-04 0.0042 8.03E-04 0.005 
18143.7 4.39E-04 0.00413 8.06E-04 0.00493 
18143.75 5.32E-04 0.00405 8.10E-04 0.00486 
18143.8 6.33E-04 0.00398 8.15E-04 0.00479 
18143.85 7.42E-04 0.0039 8.20E-04 0.00472 
 311 
18143.9 8.58E-04 0.00383 8.26E-04 0.00465 
18143.95 9.81E-04 0.00375 8.33E-04 0.00458 
18144 0.00111 0.00368 8.41E-04 0.00452 
18144.05 0.00124 0.0036 8.49E-04 0.00445 
18144.1 0.00138 0.00352 8.59E-04 0.00438 
18144.15 0.00152 0.00345 8.69E-04 0.00432 
18144.2 0.00166 0.00338 8.81E-04 0.00426 
18144.25 0.0018 0.0033 8.93E-04 0.0042 
18144.3 0.00195 0.00323 9.06E-04 0.00414 
18144.35 0.00209 0.00317 9.19E-04 0.00409 
18144.4 0.00223 0.0031 9.33E-04 0.00404 
18144.45 0.00237 0.00304 9.48E-04 0.00399 
18144.5 0.00251 0.00298 9.62E-04 0.00394 
18144.55 0.00265 0.00292 9.77E-04 0.0039 
18144.6 0.00278 0.00287 9.92E-04 0.00387 
18144.65 0.00291 0.00282 0.00101 0.00383 
18144.7 0.00303 0.00278 0.00102 0.0038 
18144.75 0.00314 0.00274 0.00104 0.00377 
18144.8 0.00324 0.0027 0.00105 0.00375 
18144.85 0.00334 0.00266 0.00106 0.00373 
18144.9 0.00343 0.00263 0.00108 0.00371 
18144.95 0.00351 0.0026 0.00109 0.00369 
18145 0.00358 0.00257 0.0011 0.00367 
18145.05 0.00364 0.00255 0.00111 0.00366 
18145.1 0.00368 0.00252 0.00112 0.00365 
18145.15 0.00372 0.0025 0.00113 0.00363 
18145.2 0.00375 0.00248 0.00114 0.00362 
18145.25 0.00377 0.00247 0.00114 0.00361 
18145.3 0.00379 0.00245 0.00115 0.0036 
18145.35 0.0038 0.00244 0.00115 0.00359 
18145.4 0.0038 0.00242 0.00115 0.00358 
18145.45 0.00379 0.00241 0.00115 0.00356 
18145.5 0.00379 0.0024 0.00115 0.00355 
18145.55 0.00377 0.00239 0.00115 0.00354 
18145.6 0.00376 0.00238 0.00114 0.00352 
18145.65 0.00373 0.00237 0.00114 0.00351 
18145.7 0.00371 0.00236 0.00113 0.00349 
18145.75 0.00369 0.00236 0.00111 0.00347 
18145.8 0.00366 0.00235 0.0011 0.00345 
 312 
18145.85 0.00363 0.00234 0.00108 0.00342 
18145.9 0.0036 0.00233 0.00107 0.0034 
18145.95 0.00358 0.00233 0.00105 0.00337 
18146 0.00355 0.00232 0.00103 0.00334 
18146.05 0.00353 0.00231 0.00101 0.00331 
18146.1 0.0035 0.0023 9.83E-04 0.00328 
18146.15 0.00348 0.00229 9.60E-04 0.00325 
18146.2 0.00347 0.00228 9.35E-04 0.00321 
18146.25 0.00345 0.00226 9.10E-04 0.00317 
18146.3 0.00345 0.00225 8.84E-04 0.00313 
18146.35 0.00344 0.00224 8.57E-04 0.00309 
18146.4 0.00345 0.00222 8.30E-04 0.00305 
18146.45 0.00345 0.00221 8.03E-04 0.00301 
18146.5 0.00346 0.00219 7.75E-04 0.00297 
18146.55 0.00347 0.00218 7.48E-04 0.00293 
18146.6 0.00349 0.00216 7.21E-04 0.00289 
18146.65 0.00351 0.00215 6.93E-04 0.00284 
18146.7 0.00353 0.00214 6.66E-04 0.0028 
18146.75 0.00356 0.00212 6.40E-04 0.00276 
18146.8 0.00358 0.00211 6.14E-04 0.00272 
18146.85 0.00361 0.0021 5.89E-04 0.00269 
18146.9 0.00364 0.00209 5.64E-04 0.00265 
18146.95 0.00367 0.00207 5.41E-04 0.00262 
18147 0.0037 0.00207 5.18E-04 0.00258 
18147.05 0.00373 0.00206 4.97E-04 0.00255 
18147.1 0.00376 0.00205 4.77E-04 0.00253 
18147.15 0.00379 0.00204 4.59E-04 0.0025 
18147.2 0.00381 0.00204 4.42E-04 0.00248 
18147.25 0.00384 0.00204 4.26E-04 0.00246 
18147.3 0.00386 0.00204 4.12E-04 0.00245 
18147.35 0.00389 0.00204 3.99E-04 0.00244 
18147.4 0.00391 0.00204 3.87E-04 0.00243 
18147.45 0.00393 0.00205 3.76E-04 0.00243 
18147.5 0.00394 0.00206 3.66E-04 0.00243 
18147.55 0.00395 0.00207 3.58E-04 0.00243 
18147.6 0.00396 0.00209 3.50E-04 0.00244 
18147.65 0.00396 0.0021 3.43E-04 0.00245 
18147.7 0.00396 0.00212 3.37E-04 0.00246 
18147.75 0.00395 0.00215 3.31E-04 0.00248 
 313 
18147.8 0.00395 0.00217 3.27E-04 0.0025 
18147.85 0.00393 0.0022 3.22E-04 0.00252 
18147.9 0.00392 0.00223 3.19E-04 0.00255 
18147.95 0.0039 0.00227 3.15E-04 0.00258 
18148 0.00388 0.0023 3.13E-04 0.00262 
18148.05 0.00385 0.00234 3.10E-04 0.00265 
18148.1 0.00383 0.00238 3.08E-04 0.00269 
18148.15 0.0038 0.00242 3.06E-04 0.00273 
18148.2 0.00377 0.00246 3.03E-04 0.00277 
18148.25 0.00374 0.00251 3.01E-04 0.00281 
18148.3 0.0037 0.00255 2.99E-04 0.00285 
18148.35 0.00367 0.0026 2.97E-04 0.00289 
18148.4 0.00363 0.00264 2.95E-04 0.00293 
18148.45 0.0036 0.00268 2.92E-04 0.00297 
18148.5 0.00356 0.00272 2.89E-04 0.00301 
18148.55 0.00353 0.00277 2.86E-04 0.00305 
18148.6 0.00349 0.00281 2.82E-04 0.00309 
18148.65 0.00345 0.00285 2.78E-04 0.00312 
18148.7 0.00342 0.00288 2.73E-04 0.00316 
18148.75 0.00338 0.00292 2.68E-04 0.00319 
18148.8 0.00335 0.00295 2.62E-04 0.00321 
18148.85 0.00332 0.00298 2.56E-04 0.00324 
18148.9 0.00329 0.00301 2.49E-04 0.00326 
18148.95 0.00326 0.00303 2.43E-04 0.00328 
18149 0.00323 0.00306 2.36E-04 0.00329 
18149.05 0.00321 0.00307 2.28E-04 0.0033 
18149.1 0.00318 0.00309 2.21E-04 0.00331 
18149.15 0.00316 0.00309 2.14E-04 0.00331 
18149.2 0.00314 0.0031 2.07E-04 0.00331 
18149.25 0.00312 0.0031 1.99E-04 0.0033 
18149.3 0.0031 0.00309 1.92E-04 0.00329 
18149.35 0.00309 0.00308 1.85E-04 0.00327 
18149.4 0.00307 0.00307 1.79E-04 0.00324 
18149.45 0.00306 0.00304 1.72E-04 0.00322 
18149.5 0.00304 0.00301 1.66E-04 0.00318 
18149.55 0.00303 0.00298 1.61E-04 0.00314 
18149.6 0.00302 0.00294 1.56E-04 0.0031 
18149.65 0.00301 0.0029 1.51E-04 0.00305 
18149.7 0.00299 0.00285 1.47E-04 0.003 
 314 
18149.75 0.00298 0.0028 1.43E-04 0.00294 
18149.8 0.00297 0.00274 1.41E-04 0.00289 
18149.85 0.00296 0.00269 1.39E-04 0.00282 
18149.9 0.00295 0.00262 1.37E-04 0.00276 
18149.95 0.00294 0.00256 1.37E-04 0.0027 
18150 0.00292 0.00249 1.38E-04 0.00263 
18150.05 0.00291 0.00242 1.39E-04 0.00256 
18150.1 0.0029 0.00235 1.42E-04 0.00249 
18150.15 0.00288 0.00228 1.45E-04 0.00242 
18150.2 0.00286 0.00221 1.50E-04 0.00236 
18150.25 0.00285 0.00213 1.56E-04 0.00229 
18150.3 0.00283 0.00206 1.63E-04 0.00222 
18150.35 0.00281 0.00198 1.71E-04 0.00215 
18150.4 0.00279 0.00191 1.79E-04 0.00209 
18150.45 0.00277 0.00183 1.89E-04 0.00202 
18150.5 0.00274 0.00176 2.00E-04 0.00196 
18150.55 0.00272 0.00169 2.11E-04 0.0019 
18150.6 0.00269 0.00161 2.23E-04 0.00184 
18150.65 0.00266 0.00155 2.35E-04 0.00178 
18150.7 0.00264 0.00148 2.48E-04 0.00173 
18150.75 0.00261 0.00141 2.61E-04 0.00168 
18150.8 0.00258 0.00135 2.75E-04 0.00163 
18150.85 0.00255 0.00129 2.89E-04 0.00158 
18150.9 0.00252 0.00124 3.03E-04 0.00154 
18150.95 0.00249 0.00119 3.18E-04 0.00151 
18151 0.00245 0.00114 3.32E-04 0.00147 
18151.05 0.00242 0.0011 3.47E-04 0.00144 
18151.1 0.00239 0.00106 3.61E-04 0.00142 
18151.15 0.00235 0.00103 3.76E-04 0.0014 
18151.2 0.00232 9.97E-04 3.90E-04 0.00139 
18151.25 0.00229 9.72E-04 4.04E-04 0.00138 
18151.3 0.00225 9.52E-04 4.18E-04 0.00137 
18151.35 0.00222 9.36E-04 4.31E-04 0.00137 
18151.4 0.00218 9.24E-04 4.44E-04 0.00137 
18151.45 0.00215 9.16E-04 4.56E-04 0.00137 
18151.5 0.00212 9.12E-04 4.68E-04 0.00138 
18151.55 0.00208 9.11E-04 4.79E-04 0.00139 
18151.6 0.00205 9.13E-04 4.90E-04 0.0014 
18151.65 0.00202 9.18E-04 4.99E-04 0.00142 
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18151.7 0.00198 9.27E-04 5.08E-04 0.00143 
18151.75 0.00195 9.38E-04 5.16E-04 0.00145 
18151.8 0.00192 9.52E-04 5.23E-04 0.00148 
18151.85 0.00189 9.69E-04 5.29E-04 0.0015 
18151.9 0.00186 9.88E-04 5.34E-04 0.00152 
18151.95 0.00183 0.00101 5.38E-04 0.00155 
18152 0.0018 0.00103 5.41E-04 0.00157 
18152.05 0.00177 0.00106 5.43E-04 0.0016 
18152.1 0.00173 0.00108 5.44E-04 0.00163 
18152.15 0.0017 0.00111 5.44E-04 0.00166 
18152.2 0.00167 0.00114 5.43E-04 0.00169 
18152.25 0.00164 0.00117 5.41E-04 0.00171 
18152.3 0.00161 0.00121 5.39E-04 0.00174 
18152.35 0.00157 0.00124 5.35E-04 0.00177 
18152.4 0.00154 0.00127 5.30E-04 0.0018 
18152.45 0.0015 0.00131 5.25E-04 0.00183 
18152.5 0.00147 0.00134 5.18E-04 0.00186 
18152.55 0.00143 0.00138 5.11E-04 0.00189 
18152.6 0.00139 0.00141 5.03E-04 0.00192 
18152.65 0.00135 0.00145 4.93E-04 0.00194 
18152.7 0.00131 0.00148 4.83E-04 0.00197 
18152.75 0.00126 0.00152 4.72E-04 0.00199 
18152.8 0.00122 0.00155 4.60E-04 0.00201 
18152.85 0.00117 0.00159 4.47E-04 0.00204 
18152.9 0.00112 0.00162 4.33E-04 0.00205 
18152.95 0.00107 0.00165 4.18E-04 0.00207 
18153 0.00102 0.00169 4.03E-04 0.00209 
18153.05 9.65E-04 0.00172 3.86E-04 0.0021 
18153.1 9.07E-04 0.00175 3.69E-04 0.00211 
18153.15 8.47E-04 0.00177 3.50E-04 0.00213 
18153.2 7.85E-04 0.0018 3.31E-04 0.00213 
18153.25 7.21E-04 0.00183 3.11E-04 0.00214 
18153.3 6.55E-04 0.00185 2.90E-04 0.00214 
18153.35 5.87E-04 0.00188 2.67E-04 0.00214 
18153.4 5.18E-04 0.0019 2.45E-04 0.00214 
18153.45 4.48E-04 0.00192 2.21E-04 0.00214 
18153.5 3.77E-04 0.00193 1.97E-04 0.00213 
18153.55 3.06E-04 0.00195 1.72E-04 0.00212 
18153.6 2.35E-04 0.00196 1.46E-04 0.00211 
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18153.65 1.64E-04 0.00198 1.21E-04 0.0021 
18153.7 9.32E-05 0.00199 9.43E-05 0.00208 
18153.75 2.32E-05 0.00199 6.79E-05 0.00206 
18153.8 -4.59E-05 0.002 4.12E-05 0.00204 
18153.85 -1.14E-04 0.002 1.45E-05 0.00202 
18153.9 -1.80E-04 0.002 -1.22E-05 0.00199 
18153.95 -2.45E-04 0.002 -3.89E-05 0.00196 
18154 -3.07E-04 0.00199 -6.54E-05 0.00193 
18154.05 -3.67E-04 0.00198 -9.16E-05 0.00189 
18154.1 -4.25E-04 0.00197 -1.18E-04 0.00186 
18154.15 -4.79E-04 0.00196 -1.43E-04 0.00182 
18154.2 -5.31E-04 0.00194 -1.68E-04 0.00177 
18154.25 -5.79E-04 0.00192 -1.93E-04 0.00173 
18154.3 -6.23E-04 0.0019 -2.16E-04 0.00168 
18154.35 -6.63E-04 0.00187 -2.39E-04 0.00163 
18154.4 -6.99E-04 0.00184 -2.62E-04 0.00158 
18154.45 -7.30E-04 0.0018 -2.83E-04 0.00152 
18154.5 -7.57E-04 0.00176 -3.03E-04 0.00146 
18154.55 -7.78E-04 0.00172 -3.22E-04 0.0014 
18154.6 -7.94E-04 0.00168 -3.40E-04 0.00134 
18154.65 -8.05E-04 0.00163 -3.57E-04 0.00127 
18154.7 -8.10E-04 0.00158 -3.73E-04 0.00121 
18154.75 -8.11E-04 0.00153 -3.87E-04 0.00114 
18154.8 -8.06E-04 0.00147 -3.99E-04 0.00107 
18154.85 -7.96E-04 0.00141 -4.10E-04 0.001 
18154.9 -7.81E-04 0.00136 -4.19E-04 9.36E-04 
18154.95 -7.61E-04 0.0013 -4.27E-04 8.68E-04 
18155 -7.36E-04 0.00123 -4.33E-04 8.01E-04 
18155.05 -7.07E-04 0.00117 -4.37E-04 7.35E-04 
18155.1 -6.74E-04 0.00111 -4.39E-04 6.69E-04 
18155.15 -6.35E-04 0.00104 -4.41E-04 6.04E-04 
18155.2 -5.93E-04 9.81E-04 -4.40E-04 5.41E-04 
18155.25 -5.46E-04 9.17E-04 -4.39E-04 4.79E-04 
18155.3 -4.95E-04 8.54E-04 -4.36E-04 4.18E-04 
18155.35 -4.40E-04 7.91E-04 -4.32E-04 3.59E-04 
18155.4 -3.81E-04 7.29E-04 -4.27E-04 3.02E-04 
18155.45 -3.18E-04 6.68E-04 -4.21E-04 2.47E-04 
18155.5 -2.51E-04 6.08E-04 -4.14E-04 1.94E-04 
18155.55 -1.80E-04 5.50E-04 -4.07E-04 1.44E-04 
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18155.6 -1.06E-04 4.94E-04 -3.98E-04 9.59E-05 
18155.65 -2.84E-05 4.40E-04 -3.89E-04 5.07E-05 
18155.7 5.28E-05 3.88E-04 -3.80E-04 8.41E-06 
18155.75 1.37E-04 3.39E-04 -3.70E-04 -3.09E-05 
18155.8 2.25E-04 2.93E-04 -3.60E-04 -6.70E-05 
18155.85 3.16E-04 2.50E-04 -3.49E-04 -9.97E-05 
18155.9 4.10E-04 2.10E-04 -3.39E-04 -1.29E-04 
18155.95 5.07E-04 1.73E-04 -3.28E-04 -1.54E-04 
18156 6.07E-04 1.41E-04 -3.17E-04 -1.76E-04 
18156.05 7.09E-04 1.13E-04 -3.06E-04 -1.94E-04 
18156.1 8.14E-04 8.86E-05 -2.96E-04 -2.07E-04 
18156.15 9.21E-04 6.92E-05 -2.85E-04 -2.16E-04 
18156.2 0.00103 5.46E-05 -2.75E-04 -2.21E-04 
18156.25 0.00114 4.49E-05 -2.66E-04 -2.21E-04 
18156.3 0.00125 3.96E-05 -2.57E-04 -2.17E-04 
18156.35 0.00136 3.87E-05 -2.48E-04 -2.09E-04 
18156.4 0.00147 4.19E-05 -2.40E-04 -1.98E-04 
18156.45 0.00159 4.89E-05 -2.33E-04 -1.84E-04 
18156.5 0.0017 5.95E-05 -2.27E-04 -1.67E-04 
18156.55 0.00181 7.34E-05 -2.22E-04 -1.48E-04 
18156.6 0.00191 9.04E-05 -2.17E-04 -1.27E-04 
18156.65 0.00202 1.10E-04 -2.14E-04 -1.03E-04 
18156.7 0.00212 1.33E-04 -2.11E-04 -7.84E-05 
18156.75 0.00223 1.58E-04 -2.10E-04 -5.19E-05 
18156.8 0.00232 1.85E-04 -2.09E-04 -2.41E-05 
18156.85 0.00242 2.13E-04 -2.09E-04 4.78E-06 
18156.9 0.00251 2.44E-04 -2.09E-04 3.46E-05 
18156.95 0.0026 2.76E-04 -2.11E-04 6.50E-05 
18157 0.00268 3.09E-04 -2.13E-04 9.59E-05 
18157.05 0.00276 3.43E-04 -2.15E-04 1.27E-04 
18157.1 0.00283 3.77E-04 -2.19E-04 1.58E-04 
18157.15 0.0029 4.12E-04 -2.23E-04 1.89E-04 
18157.2 0.00296 4.47E-04 -2.27E-04 2.20E-04 
18157.25 0.00302 4.82E-04 -2.32E-04 2.50E-04 
18157.3 0.00307 5.17E-04 -2.37E-04 2.79E-04 
18157.35 0.00311 5.51E-04 -2.43E-04 3.08E-04 
18157.4 0.00314 5.84E-04 -2.49E-04 3.35E-04 
18157.45 0.00317 6.17E-04 -2.56E-04 3.61E-04 
18157.5 0.00319 6.48E-04 -2.63E-04 3.85E-04 
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18157.55 0.00319 6.77E-04 -2.70E-04 4.07E-04 
18157.6 0.0032 7.05E-04 -2.78E-04 4.27E-04 
18157.65 0.00319 7.30E-04 -2.85E-04 4.45E-04 
18157.7 0.00318 7.54E-04 -2.93E-04 4.61E-04 
18157.75 0.00316 7.75E-04 -3.01E-04 4.73E-04 
18157.8 0.00313 7.93E-04 -3.09E-04 4.83E-04 
18157.85 0.0031 8.08E-04 -3.17E-04 4.90E-04 
18157.9 0.00306 8.20E-04 -3.26E-04 4.94E-04 
18157.95 0.00302 8.28E-04 -3.34E-04 4.94E-04 
18158 0.00298 8.33E-04 -3.42E-04 4.91E-04 
18158.05 0.00293 8.35E-04 -3.50E-04 4.85E-04 
18158.1 0.00288 8.34E-04 -3.58E-04 4.75E-04 
18158.15 0.00282 8.30E-04 -3.66E-04 4.64E-04 
18158.2 0.00276 8.23E-04 -3.74E-04 4.49E-04 
18158.25 0.0027 8.14E-04 -3.81E-04 4.33E-04 
18158.3 0.00264 8.03E-04 -3.89E-04 4.14E-04 
18158.35 0.00257 7.89E-04 -3.96E-04 3.93E-04 
18158.4 0.00251 7.74E-04 -4.03E-04 3.71E-04 
18158.45 0.00244 7.57E-04 -4.10E-04 3.47E-04 
18158.5 0.00238 7.38E-04 -4.17E-04 3.21E-04 
18158.55 0.00231 7.18E-04 -4.23E-04 2.95E-04 
18158.6 0.00225 6.97E-04 -4.30E-04 2.67E-04 
18158.65 0.00218 6.75E-04 -4.36E-04 2.38E-04 
18158.7 0.00212 6.52E-04 -4.42E-04 2.09E-04 
18158.75 0.00206 6.28E-04 -4.48E-04 1.80E-04 
18158.8 0.00201 6.04E-04 -4.54E-04 1.50E-04 
18158.85 0.00195 5.79E-04 -4.60E-04 1.19E-04 
18158.9 0.0019 5.55E-04 -4.66E-04 8.91E-05 
18158.95 0.00185 5.31E-04 -4.71E-04 5.91E-05 
18159 0.00181 5.06E-04 -4.77E-04 2.96E-05 
18159.05 0.00177 4.83E-04 -4.82E-04 5.11E-07 
18159.1 0.00174 4.60E-04 -4.88E-04 -2.78E-05 
18159.15 0.00171 4.38E-04 -4.93E-04 -5.52E-05 
18159.2 0.00168 4.16E-04 -4.98E-04 -8.15E-05 
18159.25 0.00166 3.96E-04 -5.03E-04 -1.07E-04 
18159.3 0.00164 3.78E-04 -5.08E-04 -1.30E-04 
18159.35 0.00162 3.61E-04 -5.13E-04 -1.52E-04 
18159.4 0.0016 3.45E-04 -5.18E-04 -1.72E-04 
18159.45 0.00159 3.32E-04 -5.22E-04 -1.90E-04 
 319 
18159.5 0.00158 3.20E-04 -5.27E-04 -2.06E-04 
18159.55 0.00157 3.11E-04 -5.32E-04 -2.20E-04 
18159.6 0.00156 3.05E-04 -5.36E-04 -2.31E-04 
18159.65 0.00156 3.01E-04 -5.41E-04 -2.40E-04 
18159.7 0.00156 3.00E-04 -5.45E-04 -2.46E-04 
18159.75 0.00155 3.01E-04 -5.50E-04 -2.48E-04 
18159.8 0.00155 3.05E-04 -5.54E-04 -2.49E-04 
18159.85 0.00155 3.12E-04 -5.58E-04 -2.46E-04 
18159.9 0.00155 3.21E-04 -5.63E-04 -2.41E-04 
18159.95 0.00156 3.33E-04 -5.67E-04 -2.34E-04 
18160 0.00156 3.46E-04 -5.71E-04 -2.25E-04 
18160.05 0.00156 3.62E-04 -5.75E-04 -2.13E-04 
18160.1 0.00156 3.80E-04 -5.79E-04 -1.99E-04 
18160.15 0.00157 3.99E-04 -5.83E-04 -1.84E-04 
18160.2 0.00157 4.21E-04 -5.87E-04 -1.66E-04 
18160.25 0.00157 4.43E-04 -5.90E-04 -1.47E-04 
18160.3 0.00157 4.68E-04 -5.93E-04 -1.25E-04 
18160.35 0.00157 4.94E-04 -5.96E-04 -1.03E-04 
18160.4 0.00157 5.21E-04 -5.99E-04 -7.82E-05 
18160.45 0.00157 5.49E-04 -6.01E-04 -5.24E-05 
18160.5 0.00156 5.78E-04 -6.03E-04 -2.52E-05 
18160.55 0.00156 6.08E-04 -6.05E-04 3.22E-06 
18160.6 0.00155 6.39E-04 -6.06E-04 3.28E-05 
18160.65 0.00154 6.71E-04 -6.07E-04 6.35E-05 
18160.7 0.00154 7.03E-04 -6.08E-04 9.52E-05 
18160.75 0.00153 7.36E-04 -6.08E-04 1.28E-04 
18160.8 0.00152 7.69E-04 -6.08E-04 1.61E-04 
18160.85 0.00151 8.02E-04 -6.07E-04 1.95E-04 
18160.9 0.0015 8.36E-04 -6.06E-04 2.30E-04 
18160.95 0.00149 8.69E-04 -6.04E-04 2.65E-04 
18161 0.00148 9.02E-04 -6.01E-04 3.01E-04 
18161.05 0.00147 9.35E-04 -5.98E-04 3.37E-04 
18161.1 0.00146 9.68E-04 -5.95E-04 3.73E-04 
18161.15 0.00146 0.001 -5.91E-04 4.10E-04 
18161.2 0.00145 0.00103 -5.86E-04 4.46E-04 
18161.25 0.00145 0.00106 -5.80E-04 4.83E-04 
18161.3 0.00144 0.00109 -5.74E-04 5.19E-04 
18161.35 0.00144 0.00112 -5.67E-04 5.56E-04 
18161.4 0.00144 0.00115 -5.60E-04 5.92E-04 
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18161.45 0.00144 0.00118 -5.51E-04 6.27E-04 
18161.5 0.00145 0.0012 -5.42E-04 6.62E-04 
18161.55 0.00145 0.00123 -5.32E-04 6.97E-04 
18161.6 0.00146 0.00125 -5.22E-04 7.31E-04 
18161.65 0.00147 0.00127 -5.10E-04 7.64E-04 
18161.7 0.00149 0.0013 -4.98E-04 7.97E-04 
18161.75 0.00151 0.00131 -4.86E-04 8.29E-04 
18161.8 0.00153 0.00133 -4.73E-04 8.60E-04 
18161.85 0.00155 0.00135 -4.60E-04 8.89E-04 
18161.9 0.00158 0.00136 -4.46E-04 9.18E-04 
18161.95 0.00161 0.00138 -4.33E-04 9.45E-04 
18162 0.00165 0.00139 -4.19E-04 9.71E-04 
18162.05 0.00169 0.0014 -4.05E-04 9.96E-04 
18162.1 0.00173 0.00141 -3.90E-04 0.00102 
18162.15 0.00178 0.00142 -3.76E-04 0.00104 
18162.2 0.00183 0.00142 -3.63E-04 0.00106 
18162.25 0.00188 0.00143 -3.49E-04 0.00108 
18162.3 0.00193 0.00143 -3.36E-04 0.00109 
18162.35 0.00199 0.00143 -3.23E-04 0.00111 
18162.4 0.00205 0.00143 -3.10E-04 0.00112 
18162.45 0.00211 0.00142 -2.98E-04 0.00113 
18162.5 0.00217 0.00142 -2.86E-04 0.00113 
18162.55 0.00224 0.00141 -2.75E-04 0.00114 
18162.6 0.0023 0.0014 -2.65E-04 0.00114 
18162.65 0.00237 0.00139 -2.56E-04 0.00114 
18162.7 0.00243 0.00138 -2.47E-04 0.00113 
18162.75 0.0025 0.00137 -2.39E-04 0.00113 
18162.8 0.00256 0.00135 -2.33E-04 0.00112 
18162.85 0.00262 0.00133 -2.27E-04 0.00111 
18162.9 0.00269 0.00131 -2.23E-04 0.00109 
18162.95 0.00275 0.00129 -2.20E-04 0.00107 
18163 0.00281 0.00127 -2.18E-04 0.00105 
18163.05 0.00287 0.00124 -2.17E-04 0.00102 
18163.1 0.00293 0.00121 -2.18E-04 9.92E-04 
18163.15 0.00298 0.00118 -2.20E-04 9.59E-04 
18163.2 0.00303 0.00115 -2.24E-04 9.22E-04 
18163.25 0.00308 0.00111 -2.30E-04 8.81E-04 
18163.3 0.00313 0.00107 -2.37E-04 8.37E-04 
18163.35 0.00317 0.00103 -2.46E-04 7.89E-04 
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18163.4 0.00321 9.93E-04 -2.55E-04 7.37E-04 
18163.45 0.00325 9.49E-04 -2.66E-04 6.83E-04 
18163.5 0.00328 9.04E-04 -2.79E-04 6.26E-04 
18163.55 0.00331 8.58E-04 -2.92E-04 5.66E-04 
18163.6 0.00333 8.09E-04 -3.06E-04 5.03E-04 
18163.65 0.00335 7.60E-04 -3.21E-04 4.39E-04 
18163.7 0.00336 7.09E-04 -3.37E-04 3.72E-04 
18163.75 0.00338 6.57E-04 -3.53E-04 3.04E-04 
18163.8 0.00338 6.04E-04 -3.71E-04 2.34E-04 
18163.85 0.00339 5.51E-04 -3.88E-04 1.62E-04 
18163.9 0.00338 4.96E-04 -4.06E-04 8.99E-05 
18163.95 0.00338 4.41E-04 -4.24E-04 1.65E-05 
18164 0.00337 3.85E-04 -4.43E-04 -5.77E-05 
18164.05 0.00336 3.29E-04 -4.62E-04 -1.32E-04 
18164.1 0.00335 2.73E-04 -4.80E-04 -2.07E-04 
18164.15 0.00333 2.16E-04 -4.99E-04 -2.83E-04 
18164.2 0.00331 1.60E-04 -5.17E-04 -3.58E-04 
18164.25 0.00329 1.03E-04 -5.36E-04 -4.32E-04 
18164.3 0.00327 4.70E-05 -5.53E-04 -5.06E-04 
18164.35 0.00324 -8.89E-06 -5.71E-04 -5.80E-04 
18164.4 0.00321 -6.44E-05 -5.88E-04 -6.52E-04 
18164.45 0.00318 -1.19E-04 -6.04E-04 -7.23E-04 
18164.5 0.00315 -1.73E-04 -6.20E-04 -7.93E-04 
18164.55 0.00311 -2.27E-04 -6.34E-04 -8.61E-04 
18164.6 0.00307 -2.79E-04 -6.48E-04 -9.28E-04 
18164.65 0.00304 -3.31E-04 -6.61E-04 -9.92E-04 
18164.7 0.00299 -3.81E-04 -6.73E-04 -0.00105 
18164.75 0.00295 -4.30E-04 -6.84E-04 -0.00111 
18164.8 0.00291 -4.77E-04 -6.93E-04 -0.00117 
18164.85 0.00287 -5.23E-04 -7.01E-04 -0.00122 
18164.9 0.00282 -5.68E-04 -7.08E-04 -0.00128 
18164.95 0.00278 -6.10E-04 -7.13E-04 -0.00132 
18165 0.00273 -6.51E-04 -7.16E-04 -0.00137 
18165.05 0.00268 -6.89E-04 -7.18E-04 -0.00141 
18165.1 0.00264 -7.26E-04 -7.19E-04 -0.00145 
18165.15 0.00259 -7.60E-04 -7.18E-04 -0.00148 
18165.2 0.00254 -7.93E-04 -7.16E-04 -0.00151 
18165.25 0.00249 -8.23E-04 -7.13E-04 -0.00154 
18165.3 0.00244 -8.52E-04 -7.09E-04 -0.00156 
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18165.35 0.0024 -8.79E-04 -7.04E-04 -0.00158 
18165.4 0.00235 -9.04E-04 -6.97E-04 -0.0016 
18165.45 0.0023 -9.27E-04 -6.90E-04 -0.00162 
18165.5 0.00225 -9.49E-04 -6.82E-04 -0.00163 
18165.55 0.0022 -9.69E-04 -6.72E-04 -0.00164 
18165.6 0.00216 -9.88E-04 -6.62E-04 -0.00165 
18165.65 0.00211 -0.00101 -6.51E-04 -0.00166 
18165.7 0.00207 -0.00102 -6.40E-04 -0.00166 
18165.75 0.00202 -0.00104 -6.28E-04 -0.00166 
18165.8 0.00198 -0.00105 -6.15E-04 -0.00166 
18165.85 0.00193 -0.00106 -6.01E-04 -0.00166 
18165.9 0.00189 -0.00107 -5.87E-04 -0.00166 
18165.95 0.00185 -0.00108 -5.73E-04 -0.00165 
18166 0.00181 -0.00109 -5.58E-04 -0.00165 
18166.05 0.00177 -0.0011 -5.43E-04 -0.00164 
18166.1 0.00174 -0.0011 -5.28E-04 -0.00163 
18166.15 0.0017 -0.00111 -5.12E-04 -0.00162 
18166.2 0.00167 -0.00112 -4.97E-04 -0.00161 
18166.25 0.00163 -0.00112 -4.81E-04 -0.0016 
18166.3 0.0016 -0.00112 -4.65E-04 -0.00159 
18166.35 0.00157 -0.00113 -4.49E-04 -0.00158 
18166.4 0.00155 -0.00113 -4.33E-04 -0.00156 
18166.45 0.00152 -0.00113 -4.18E-04 -0.00155 
18166.5 0.0015 -0.00113 -4.02E-04 -0.00154 
18166.55 0.00147 -0.00114 -3.87E-04 -0.00152 
18166.6 0.00146 -0.00114 -3.72E-04 -0.00151 
18166.65 0.00144 -0.00114 -3.57E-04 -0.00149 
18166.7 0.00142 -0.00114 -3.43E-04 -0.00148 
18166.75 0.00141 -0.00114 -3.29E-04 -0.00147 
18166.8 0.0014 -0.00114 -3.16E-04 -0.00146 
18166.85 0.00139 -0.00114 -3.03E-04 -0.00144 
18166.9 0.00139 -0.00114 -2.90E-04 -0.00143 
18166.95 0.00138 -0.00114 -2.78E-04 -0.00142 
18167 0.00138 -0.00114 -2.66E-04 -0.00141 
18167.05 0.00138 -0.00114 -2.55E-04 -0.0014 
18167.1 0.00138 -0.00114 -2.45E-04 -0.00139 
18167.15 0.00138 -0.00114 -2.34E-04 -0.00138 
18167.2 0.00138 -0.00115 -2.25E-04 -0.00137 
18167.25 0.00139 -0.00115 -2.16E-04 -0.00136 
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18167.3 0.00139 -0.00115 -2.07E-04 -0.00135 
18167.35 0.0014 -0.00115 -1.99E-04 -0.00135 
18167.4 0.0014 -0.00115 -1.91E-04 -0.00134 
18167.45 0.00141 -0.00115 -1.84E-04 -0.00134 
18167.5 0.00141 -0.00115 -1.78E-04 -0.00133 
18167.55 0.00142 -0.00115 -1.72E-04 -0.00133 
18167.6 0.00143 -0.00115 -1.67E-04 -0.00132 
18167.65 0.00143 -0.00116 -1.63E-04 -0.00132 
18167.7 0.00144 -0.00116 -1.59E-04 -0.00131 
18167.75 0.00144 -0.00116 -1.56E-04 -0.00131 
18167.8 0.00144 -0.00116 -1.53E-04 -0.00131 
18167.85 0.00145 -0.00116 -1.51E-04 -0.00131 
18167.9 0.00145 -0.00116 -1.50E-04 -0.00131 
18167.95 0.00145 -0.00116 -1.50E-04 -0.00131 
18168 0.00145 -0.00116 -1.50E-04 -0.00131 
18168.05 0.00145 -0.00116 -1.51E-04 -0.00131 
18168.1 0.00145 -0.00116 -1.53E-04 -0.00131 
18168.15 0.00144 -0.00116 -1.55E-04 -0.00131 
18168.2 0.00144 -0.00116 -1.58E-04 -0.00131 
18168.25 0.00143 -0.00116 -1.62E-04 -0.00132 
18168.3 0.00142 -0.00115 -1.67E-04 -0.00132 
18168.35 0.00141 -0.00115 -1.73E-04 -0.00133 
18168.4 0.00139 -0.00115 -1.79E-04 -0.00133 
18168.45 0.00137 -0.00115 -1.86E-04 -0.00134 
18168.5 0.00136 -0.00115 -1.95E-04 -0.00134 
18168.55 0.00134 -0.00114 -2.03E-04 -0.00135 
18168.6 0.00132 -0.00114 -2.13E-04 -0.00135 
18168.65 0.0013 -0.00114 -2.23E-04 -0.00136 
18168.7 0.00127 -0.00114 -2.33E-04 -0.00137 
18168.75 0.00125 -0.00113 -2.45E-04 -0.00138 
18168.8 0.00122 -0.00113 -2.56E-04 -0.00138 
18168.85 0.0012 -0.00112 -2.69E-04 -0.00139 
18168.9 0.00117 -0.00112 -2.81E-04 -0.0014 
18168.95 0.00114 -0.00111 -2.94E-04 -0.00141 
18169 0.00112 -0.00111 -3.07E-04 -0.00141 
18169.05 0.00109 -0.0011 -3.21E-04 -0.00142 
18169.1 0.00106 -0.0011 -3.34E-04 -0.00143 
18169.15 0.00103 -0.00109 -3.48E-04 -0.00144 
18169.2 0.001 -0.00108 -3.62E-04 -0.00145 
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18169.25 9.73E-04 -0.00108 -3.76E-04 -0.00146 
18169.3 9.44E-04 -0.00107 -3.90E-04 -0.00146 
18169.35 9.16E-04 -0.00107 -4.04E-04 -0.00147 
18169.4 8.88E-04 -0.00106 -4.18E-04 -0.00148 
18169.45 8.61E-04 -0.00106 -4.32E-04 -0.00149 
18169.5 8.34E-04 -0.00105 -4.46E-04 -0.0015 
18169.55 8.08E-04 -0.00105 -4.60E-04 -0.00151 
18169.6 7.83E-04 -0.00104 -4.73E-04 -0.00151 
18169.65 7.58E-04 -0.00104 -4.86E-04 -0.00152 
18169.7 7.35E-04 -0.00103 -4.98E-04 -0.00153 
18169.75 7.13E-04 -0.00103 -5.10E-04 -0.00154 
18169.8 6.92E-04 -0.00102 -5.22E-04 -0.00155 
18169.85 6.73E-04 -0.00102 -5.33E-04 -0.00155 
18169.9 6.55E-04 -0.00102 -5.44E-04 -0.00156 
18169.95 6.39E-04 -0.00102 -5.54E-04 -0.00157 
18170 6.24E-04 -0.00101 -5.64E-04 -0.00158 
18170.05 6.10E-04 -0.00101 -5.73E-04 -0.00158 
18170.1 5.97E-04 -0.00101 -5.81E-04 -0.00159 
18170.15 5.85E-04 -0.00101 -5.88E-04 -0.0016 
18170.2 5.74E-04 -0.00101 -5.95E-04 -0.00161 
18170.25 5.64E-04 -0.00101 -6.00E-04 -0.00161 
18170.3 5.54E-04 -0.00101 -6.05E-04 -0.00162 
18170.35 5.45E-04 -0.00102 -6.10E-04 -0.00163 
18170.4 5.36E-04 -0.00102 -6.13E-04 -0.00163 
18170.45 5.27E-04 -0.00103 -6.16E-04 -0.00164 
18170.5 5.18E-04 -0.00103 -6.19E-04 -0.00165 
18170.55 5.09E-04 -0.00104 -6.20E-04 -0.00166 
18170.6 5.00E-04 -0.00104 -6.22E-04 -0.00167 
18170.65 4.91E-04 -0.00105 -6.23E-04 -0.00167 
18170.7 4.81E-04 -0.00106 -6.23E-04 -0.00168 
18170.75 4.70E-04 -0.00107 -6.23E-04 -0.00169 
18170.8 4.59E-04 -0.00108 -6.23E-04 -0.00171 
18170.85 4.47E-04 -0.00109 -6.22E-04 -0.00172 
18170.9 4.35E-04 -0.00111 -6.22E-04 -0.00173 
18170.95 4.21E-04 -0.00112 -6.21E-04 -0.00174 
18171 4.05E-04 -0.00113 -6.20E-04 -0.00175 
18171.05 3.89E-04 -0.00115 -6.18E-04 -0.00177 
18171.1 3.71E-04 -0.00116 -6.17E-04 -0.00178 
18171.15 3.51E-04 -0.00118 -6.16E-04 -0.00179 
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18171.2 3.30E-04 -0.00119 -6.15E-04 -0.00181 
18171.25 3.07E-04 -0.00121 -6.13E-04 -0.00182 
18171.3 2.82E-04 -0.00123 -6.12E-04 -0.00184 
18171.35 2.54E-04 -0.00124 -6.11E-04 -0.00185 
18171.4 2.25E-04 -0.00126 -6.11E-04 -0.00187 
18171.45 1.93E-04 -0.00128 -6.10E-04 -0.00189 
18171.5 1.59E-04 -0.00129 -6.10E-04 -0.0019 
18171.55 1.22E-04 -0.00131 -6.10E-04 -0.00192 
18171.6 8.26E-05 -0.00133 -6.10E-04 -0.00194 
18171.65 4.08E-05 -0.00135 -6.11E-04 -0.00196 
18171.7 -3.15E-06 -0.00136 -6.12E-04 -0.00198 
18171.75 -4.91E-05 -0.00138 -6.14E-04 -0.002 
18171.8 -9.68E-05 -0.0014 -6.17E-04 -0.00201 
18171.85 -1.46E-04 -0.00142 -6.20E-04 -0.00203 
18171.9 -1.97E-04 -0.00143 -6.23E-04 -0.00205 
18171.95 -2.49E-04 -0.00145 -6.27E-04 -0.00208 
18172 -3.02E-04 -0.00146 -6.32E-04 -0.0021 
18172.05 -3.56E-04 -0.00148 -6.38E-04 -0.00212 
18172.1 -4.10E-04 -0.00149 -6.44E-04 -0.00214 
18172.15 -4.65E-04 -0.00151 -6.51E-04 -0.00216 
18172.2 -5.21E-04 -0.00152 -6.58E-04 -0.00218 
18172.25 -5.76E-04 -0.00153 -6.66E-04 -0.0022 
18172.3 -6.32E-04 -0.00155 -6.74E-04 -0.00222 
18172.35 -6.87E-04 -0.00156 -6.83E-04 -0.00224 
18172.4 -7.42E-04 -0.00157 -6.92E-04 -0.00226 
18172.45 -7.96E-04 -0.00158 -7.01E-04 -0.00228 
18172.5 -8.50E-04 -0.00159 -7.11E-04 -0.0023 
18172.55 -9.02E-04 -0.0016 -7.20E-04 -0.00232 
18172.6 -9.54E-04 -0.0016 -7.30E-04 -0.00233 
18172.65 -0.001 -0.00161 -7.40E-04 -0.00235 
18172.7 -0.00105 -0.00161 -7.50E-04 -0.00236 
18172.75 -0.0011 -0.00162 -7.60E-04 -0.00238 
18172.8 -0.00114 -0.00162 -7.70E-04 -0.00239 
18172.85 -0.00119 -0.00162 -7.80E-04 -0.0024 
18172.9 -0.00123 -0.00163 -7.89E-04 -0.00242 
18172.95 -0.00127 -0.00163 -7.99E-04 -0.00243 
18173 -0.0013 -0.00163 -8.08E-04 -0.00244 
18173.05 -0.00133 -0.00163 -8.17E-04 -0.00244 
18173.1 -0.00136 -0.00163 -8.26E-04 -0.00245 
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18173.15 -0.00139 -0.00162 -8.34E-04 -0.00246 
18173.2 -0.00141 -0.00162 -8.42E-04 -0.00246 
18173.25 -0.00143 -0.00162 -8.49E-04 -0.00247 
18173.3 -0.00145 -0.00161 -8.56E-04 -0.00247 
18173.35 -0.00146 -0.00161 -8.62E-04 -0.00247 
18173.4 -0.00148 -0.00161 -8.67E-04 -0.00247 
18173.45 -0.00148 -0.0016 -8.72E-04 -0.00247 
18173.5 -0.00149 -0.00159 -8.76E-04 -0.00247 
18173.55 -0.00149 -0.00159 -8.80E-04 -0.00247 
18173.6 -0.00149 -0.00158 -8.82E-04 -0.00246 
18173.65 -0.00149 -0.00157 -8.84E-04 -0.00246 
18173.7 -0.00149 -0.00157 -8.85E-04 -0.00245 
18173.75 -0.00148 -0.00156 -8.85E-04 -0.00244 
18173.8 -0.00148 -0.00155 -8.84E-04 -0.00243 
18173.85 -0.00147 -0.00154 -8.81E-04 -0.00242 
18173.9 -0.00146 -0.00153 -8.78E-04 -0.00241 
18173.95 -0.00144 -0.00152 -8.74E-04 -0.0024 
18174 -0.00143 -0.00151 -8.69E-04 -0.00238 
18174.05 -0.00142 -0.0015 -8.64E-04 -0.00237 
18174.1 -0.0014 -0.00149 -8.57E-04 -0.00235 
18174.15 -0.00139 -0.00148 -8.50E-04 -0.00233 
18174.2 -0.00137 -0.00147 -8.42E-04 -0.00232 
18174.25 -0.00136 -0.00146 -8.34E-04 -0.0023 
18174.3 -0.00134 -0.00145 -8.25E-04 -0.00228 
18174.35 -0.00132 -0.00144 -8.15E-04 -0.00226 
18174.4 -0.00131 -0.00143 -8.05E-04 -0.00224 
18174.45 -0.00129 -0.00142 -7.94E-04 -0.00221 
18174.5 -0.00127 -0.00141 -7.83E-04 -0.00219 
18174.55 -0.00126 -0.0014 -7.72E-04 -0.00217 
18174.6 -0.00124 -0.00139 -7.60E-04 -0.00215 
18174.65 -0.00123 -0.00138 -7.48E-04 -0.00213 
18174.7 -0.00122 -0.00137 -7.36E-04 -0.0021 
18174.75 -0.0012 -0.00136 -7.23E-04 -0.00208 
18174.8 -0.00119 -0.00135 -7.11E-04 -0.00206 
18174.85 -0.00118 -0.00134 -6.98E-04 -0.00203 
18174.9 -0.00117 -0.00133 -6.85E-04 -0.00201 
18174.95 -0.00117 -0.00132 -6.72E-04 -0.00199 
18175 -0.00116 -0.00131 -6.59E-04 -0.00197 
18175.05 -0.00116 -0.0013 -6.47E-04 -0.00195 
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18175.1 -0.00115 -0.00129 -6.34E-04 -0.00193 
18175.15 -0.00115 -0.00129 -6.21E-04 -0.00191 
18175.2 -0.00115 -0.00128 -6.09E-04 -0.00189 
18175.25 -0.00115 -0.00127 -5.97E-04 -0.00187 
18175.3 -0.00115 -0.00127 -5.85E-04 -0.00185 
18175.35 -0.00116 -0.00126 -5.73E-04 -0.00183 
18175.4 -0.00116 -0.00126 -5.62E-04 -0.00182 
18175.45 -0.00117 -0.00125 -5.51E-04 -0.00181 
18175.5 -0.00118 -0.00125 -5.40E-04 -0.00179 
18175.55 -0.00118 -0.00125 -5.31E-04 -0.00178 
18175.6 -0.00119 -0.00125 -5.21E-04 -0.00177 
18175.65 -0.0012 -0.00125 -5.12E-04 -0.00176 
18175.7 -0.00121 -0.00125 -5.04E-04 -0.00175 
18175.75 -0.00122 -0.00125 -4.96E-04 -0.00175 
18175.8 -0.00124 -0.00125 -4.89E-04 -0.00174 
18175.85 -0.00125 -0.00126 -4.82E-04 -0.00174 
18175.9 -0.00126 -0.00126 -4.76E-04 -0.00174 
18175.95 -0.00128 -0.00127 -4.70E-04 -0.00174 
18176 -0.0013 -0.00128 -4.64E-04 -0.00174 
18176.05 -0.00131 -0.00128 -4.60E-04 -0.00174 
18176.1 -0.00133 -0.00129 -4.55E-04 -0.00175 
18176.15 -0.00135 -0.0013 -4.51E-04 -0.00175 
18176.2 -0.00137 -0.00132 -4.47E-04 -0.00176 
18176.25 -0.00139 -0.00133 -4.44E-04 -0.00177 
18176.3 -0.00141 -0.00134 -4.41E-04 -0.00179 
18176.35 -0.00143 -0.00136 -4.39E-04 -0.0018 
18176.4 -0.00145 -0.00138 -4.36E-04 -0.00182 
18176.45 -0.00147 -0.0014 -4.35E-04 -0.00183 
18176.5 -0.00149 -0.00142 -4.33E-04 -0.00185 
18176.55 -0.00151 -0.00144 -4.32E-04 -0.00187 
18176.6 -0.00154 -0.00146 -4.31E-04 -0.00189 
18176.65 -0.00156 -0.00149 -4.30E-04 -0.00192 
18176.7 -0.00158 -0.00151 -4.30E-04 -0.00194 
18176.75 -0.00161 -0.00154 -4.30E-04 -0.00197 
18176.8 -0.00163 -0.00157 -4.30E-04 -0.002 
18176.85 -0.00165 -0.0016 -4.30E-04 -0.00203 
18176.9 -0.00168 -0.00162 -4.31E-04 -0.00206 
18176.95 -0.0017 -0.00165 -4.32E-04 -0.00209 
18177 -0.00172 -0.00169 -4.33E-04 -0.00212 
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18177.05 -0.00175 -0.00172 -4.34E-04 -0.00215 
18177.1 -0.00177 -0.00175 -4.35E-04 -0.00218 
18177.15 -0.00179 -0.00178 -4.37E-04 -0.00222 
18177.2 -0.00181 -0.00181 -4.38E-04 -0.00225 
18177.25 -0.00184 -0.00185 -4.40E-04 -0.00229 
18177.3 -0.00186 -0.00188 -4.42E-04 -0.00232 
18177.35 -0.00188 -0.00191 -4.44E-04 -0.00236 
18177.4 -0.00189 -0.00195 -4.46E-04 -0.00239 
18177.45 -0.00191 -0.00198 -4.48E-04 -0.00243 
18177.5 -0.00193 -0.00202 -4.51E-04 -0.00247 
18177.55 -0.00195 -0.00205 -4.53E-04 -0.0025 
18177.6 -0.00196 -0.00208 -4.55E-04 -0.00254 
18177.65 -0.00197 -0.00212 -4.58E-04 -0.00258 
18177.7 -0.00199 -0.00215 -4.60E-04 -0.00261 
18177.75 -0.002 -0.00219 -4.63E-04 -0.00265 
18177.8 -0.00201 -0.00222 -4.65E-04 -0.00268 
18177.85 -0.00202 -0.00225 -4.68E-04 -0.00272 
18177.9 -0.00202 -0.00228 -4.71E-04 -0.00275 
18177.95 -0.00203 -0.00231 -4.73E-04 -0.00279 
18178 -0.00203 -0.00235 -4.76E-04 -0.00282 
18178.05 -0.00203 -0.00238 -4.79E-04 -0.00286 
18178.1 -0.00203 -0.00241 -4.82E-04 -0.00289 
18178.15 -0.00203 -0.00244 -4.85E-04 -0.00292 
18178.2 -0.00203 -0.00246 -4.88E-04 -0.00295 
18178.25 -0.00202 -0.00249 -4.91E-04 -0.00298 
18178.3 -0.00201 -0.00252 -4.95E-04 -0.00301 
18178.35 -0.002 -0.00254 -4.98E-04 -0.00304 
18178.4 -0.00199 -0.00257 -5.01E-04 -0.00307 
18178.45 -0.00197 -0.00259 -5.04E-04 -0.00309 
18178.5 -0.00196 -0.00261 -5.08E-04 -0.00312 
18178.55 -0.00194 -0.00263 -5.11E-04 -0.00314 
18178.6 -0.00192 -0.00265 -5.15E-04 -0.00317 
18178.65 -0.0019 -0.00267 -5.18E-04 -0.00319 
18178.7 -0.00188 -0.00269 -5.22E-04 -0.00321 
18178.75 -0.00185 -0.00271 -5.26E-04 -0.00323 
18178.8 -0.00183 -0.00272 -5.29E-04 -0.00325 
18178.85 -0.0018 -0.00273 -5.33E-04 -0.00327 
18178.9 -0.00178 -0.00275 -5.37E-04 -0.00328 
18178.95 -0.00175 -0.00276 -5.41E-04 -0.0033 
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18179 -0.00173 -0.00277 -5.45E-04 -0.00331 
18179.05 -0.0017 -0.00278 -5.48E-04 -0.00333 
18179.1 -0.00167 -0.00279 -5.52E-04 -0.00334 
18179.15 -0.00164 -0.00279 -5.56E-04 -0.00335 
18179.2 -0.00162 -0.0028 -5.61E-04 -0.00336 
18179.25 -0.00159 -0.0028 -5.65E-04 -0.00336 
18179.3 -0.00156 -0.0028 -5.69E-04 -0.00337 
18179.35 -0.00153 -0.0028 -5.73E-04 -0.00338 
18179.4 -0.00151 -0.0028 -5.77E-04 -0.00338 
18179.45 -0.00148 -0.0028 -5.81E-04 -0.00338 
18179.5 -0.00146 -0.0028 -5.86E-04 -0.00338 
18179.55 -0.00143 -0.00279 -5.90E-04 -0.00338 
18179.6 -0.00141 -0.00278 -5.94E-04 -0.00338 
18179.65 -0.00139 -0.00278 -5.98E-04 -0.00337 
18179.7 -0.00136 -0.00277 -6.02E-04 -0.00337 
18179.75 -0.00134 -0.00276 -6.06E-04 -0.00336 
18179.8 -0.00133 -0.00274 -6.10E-04 -0.00335 
18179.85 -0.00131 -0.00273 -6.14E-04 -0.00334 
18179.9 -0.00129 -0.00271 -6.18E-04 -0.00333 
18179.95 -0.00128 -0.00269 -6.22E-04 -0.00332 
18180 -0.00127 -0.00268 -6.25E-04 -0.0033 
18180.05 -0.00126 -0.00265 -6.28E-04 -0.00328 
18180.1 -0.00125 -0.00263 -6.32E-04 -0.00326 
18180.15 -0.00125 -0.00261 -6.34E-04 -0.00324 
18180.2 -0.00124 -0.00258 -6.37E-04 -0.00322 
18180.25 -0.00124 -0.00255 -6.40E-04 -0.00319 
18180.3 -0.00124 -0.00252 -6.42E-04 -0.00317 
18180.35 -0.00124 -0.00249 -6.44E-04 -0.00314 
18180.4 -0.00124 -0.00246 -6.46E-04 -0.00311 
18180.45 -0.00124 -0.00243 -6.48E-04 -0.00307 
18180.5 -0.00125 -0.00239 -6.49E-04 -0.00304 
18180.55 -0.00125 -0.00235 -6.50E-04 -0.003 
18180.6 -0.00126 -0.00231 -6.51E-04 -0.00296 
18180.65 -0.00127 -0.00227 -6.51E-04 -0.00293 
18180.7 -0.00127 -0.00223 -6.51E-04 -0.00289 
18180.75 -0.00128 -0.00219 -6.51E-04 -0.00284 
18180.8 -0.00129 -0.00215 -6.50E-04 -0.0028 
18180.85 -0.0013 -0.00211 -6.49E-04 -0.00276 
18180.9 -0.00131 -0.00206 -6.48E-04 -0.00271 
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18180.95 -0.00132 -0.00202 -6.46E-04 -0.00267 
18181 -0.00133 -0.00197 -6.44E-04 -0.00262 
18181.05 -0.00135 -0.00193 -6.41E-04 -0.00257 
18181.1 -0.00136 -0.00188 -6.38E-04 -0.00252 
18181.15 -0.00137 -0.00184 -6.35E-04 -0.00247 
18181.2 -0.00138 -0.00179 -6.31E-04 -0.00242 
18181.25 -0.00139 -0.00175 -6.26E-04 -0.00237 
18181.3 -0.0014 -0.0017 -6.21E-04 -0.00232 
18181.35 -0.00141 -0.00165 -6.16E-04 -0.00227 
18181.4 -0.00142 -0.00161 -6.10E-04 -0.00222 
18181.45 -0.00143 -0.00156 -6.04E-04 -0.00217 
18181.5 -0.00144 -0.00152 -5.97E-04 -0.00212 
18181.55 -0.00145 -0.00148 -5.91E-04 -0.00207 
18181.6 -0.00145 -0.00143 -5.83E-04 -0.00202 
18181.65 -0.00146 -0.00139 -5.76E-04 -0.00197 
18181.7 -0.00146 -0.00135 -5.68E-04 -0.00192 
18181.75 -0.00147 -0.00131 -5.60E-04 -0.00187 
18181.8 -0.00147 -0.00127 -5.52E-04 -0.00182 
18181.85 -0.00147 -0.00123 -5.43E-04 -0.00177 
18181.9 -0.00147 -0.00119 -5.35E-04 -0.00173 
18181.95 -0.00147 -0.00116 -5.26E-04 -0.00168 
18182 -0.00147 -0.00112 -5.17E-04 -0.00164 
18182.05 -0.00147 -0.00109 -5.08E-04 -0.00159 
18182.1 -0.00147 -0.00105 -4.99E-04 -0.00155 
18182.15 -0.00146 -0.00102 -4.89E-04 -0.00151 
18182.2 -0.00146 -9.96E-04 -4.80E-04 -0.00148 
18182.25 -0.00145 -9.70E-04 -4.71E-04 -0.00144 
18182.3 -0.00145 -9.45E-04 -4.61E-04 -0.00141 
18182.35 -0.00144 -9.22E-04 -4.52E-04 -0.00137 
18182.4 -0.00143 -9.01E-04 -4.42E-04 -0.00134 
18182.45 -0.00143 -8.82E-04 -4.33E-04 -0.00131 
18182.5 -0.00142 -8.64E-04 -4.24E-04 -0.00129 
18182.55 -0.00141 -8.48E-04 -4.15E-04 -0.00126 
18182.6 -0.00141 -8.34E-04 -4.06E-04 -0.00124 
18182.65 -0.0014 -8.21E-04 -3.97E-04 -0.00122 
18182.7 -0.00139 -8.10E-04 -3.88E-04 -0.0012 
18182.75 -0.00138 -8.01E-04 -3.80E-04 -0.00118 
18182.8 -0.00138 -7.92E-04 -3.71E-04 -0.00116 
18182.85 -0.00137 -7.86E-04 -3.63E-04 -0.00115 
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18182.9 -0.00136 -7.80E-04 -3.55E-04 -0.00114 
18182.95 -0.00136 -7.76E-04 -3.48E-04 -0.00112 
18183 -0.00135 -7.73E-04 -3.40E-04 -0.00111 
18183.05 -0.00134 -7.72E-04 -3.33E-04 -0.0011 
18183.1 -0.00134 -7.71E-04 -3.27E-04 -0.0011 
18183.15 -0.00133 -7.72E-04 -3.20E-04 -0.00109 
18183.2 -0.00133 -7.74E-04 -3.15E-04 -0.00109 
18183.25 -0.00132 -7.76E-04 -3.09E-04 -0.00109 
18183.3 -0.00132 -7.80E-04 -3.04E-04 -0.00108 
18183.35 -0.00132 -7.85E-04 -2.99E-04 -0.00108 
18183.4 -0.00132 -7.91E-04 -2.94E-04 -0.00108 
18183.45 -0.00132 -7.97E-04 -2.90E-04 -0.00109 
18183.5 -0.00132 -8.04E-04 -2.86E-04 -0.00109 
18183.55 -0.00132 -8.13E-04 -2.83E-04 -0.0011 
18183.6 -0.00132 -8.21E-04 -2.80E-04 -0.0011 
18183.65 -0.00133 -8.31E-04 -2.77E-04 -0.00111 
18183.7 -0.00133 -8.41E-04 -2.74E-04 -0.00112 
18183.75 -0.00134 -8.51E-04 -2.72E-04 -0.00112 
18183.8 -0.00135 -8.63E-04 -2.70E-04 -0.00113 
18183.85 -0.00135 -8.74E-04 -2.69E-04 -0.00114 
18183.9 -0.00136 -8.86E-04 -2.68E-04 -0.00115 
18183.95 -0.00137 -8.99E-04 -2.67E-04 -0.00117 
18184 -0.00138 -9.12E-04 -2.67E-04 -0.00118 
18184.05 -0.00139 -9.25E-04 -2.66E-04 -0.00119 
18184.1 -0.0014 -9.38E-04 -2.67E-04 -0.0012 
18184.15 -0.00141 -9.52E-04 -2.67E-04 -0.00122 
18184.2 -0.00143 -9.66E-04 -2.68E-04 -0.00123 
18184.25 -0.00144 -9.80E-04 -2.69E-04 -0.00125 
18184.3 -0.00145 -9.94E-04 -2.70E-04 -0.00126 
18184.35 -0.00147 -0.00101 -2.72E-04 -0.00128 
18184.4 -0.00148 -0.00102 -2.74E-04 -0.0013 
18184.45 -0.0015 -0.00104 -2.77E-04 -0.00131 
18184.5 -0.00151 -0.00105 -2.79E-04 -0.00133 
18184.55 -0.00153 -0.00106 -2.82E-04 -0.00135 
18184.6 -0.00154 -0.00108 -2.86E-04 -0.00136 
18184.65 -0.00156 -0.00109 -2.89E-04 -0.00138 
18184.7 -0.00157 -0.0011 -2.93E-04 -0.0014 
18184.75 -0.00159 -0.00112 -2.97E-04 -0.00141 
18184.8 -0.00161 -0.00113 -3.02E-04 -0.00143 
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18184.85 -0.00162 -0.00114 -3.07E-04 -0.00145 
18184.9 -0.00164 -0.00116 -3.12E-04 -0.00147 
18184.95 -0.00166 -0.00117 -3.17E-04 -0.00148 
18185 -0.00167 -0.00118 -3.23E-04 -0.0015 
18185.05 -0.00169 -0.00119 -3.29E-04 -0.00152 
18185.1 -0.0017 -0.0012 -3.35E-04 -0.00154 
18185.15 -0.00172 -0.00121 -3.41E-04 -0.00155 
18185.2 -0.00174 -0.00122 -3.48E-04 -0.00157 
18185.25 -0.00175 -0.00123 -3.55E-04 -0.00159 
18185.3 -0.00177 -0.00124 -3.62E-04 -0.0016 
18185.35 -0.00178 -0.00125 -3.69E-04 -0.00162 
18185.4 -0.0018 -0.00126 -3.77E-04 -0.00163 
18185.45 -0.00181 -0.00126 -3.84E-04 -0.00165 
18185.5 -0.00182 -0.00127 -3.92E-04 -0.00166 
18185.55 -0.00184 -0.00128 -3.99E-04 -0.00168 
18185.6 -0.00185 -0.00128 -4.07E-04 -0.00169 
18185.65 -0.00186 -0.00129 -4.15E-04 -0.0017 
18185.7 -0.00187 -0.00129 -4.23E-04 -0.00171 
18185.75 -0.00189 -0.00129 -4.30E-04 -0.00172 
18185.8 -0.0019 -0.0013 -4.38E-04 -0.00173 
18185.85 -0.00191 -0.0013 -4.46E-04 -0.00174 
18185.9 -0.00192 -0.0013 -4.53E-04 -0.00175 
18185.95 -0.00192 -0.0013 -4.61E-04 -0.00176 
18186 -0.00193 -0.00129 -4.68E-04 -0.00176 
18186.05 -0.00194 -0.00129 -4.75E-04 -0.00177 
18186.1 -0.00195 -0.00129 -4.82E-04 -0.00177 
18186.15 -0.00195 -0.00128 -4.89E-04 -0.00177 
18186.2 -0.00196 -0.00128 -4.96E-04 -0.00177 
18186.25 -0.00196 -0.00127 -5.02E-04 -0.00177 
18186.3 -0.00197 -0.00126 -5.08E-04 -0.00177 
18186.35 -0.00197 -0.00125 -5.14E-04 -0.00177 
18186.4 -0.00197 -0.00124 -5.20E-04 -0.00176 
18186.45 -0.00198 -0.00123 -5.25E-04 -0.00176 
18186.5 -0.00198 -0.00122 -5.30E-04 -0.00175 
18186.55 -0.00198 -0.00121 -5.34E-04 -0.00174 
18186.6 -0.00198 -0.00119 -5.39E-04 -0.00173 
18186.65 -0.00197 -0.00118 -5.42E-04 -0.00172 
18186.7 -0.00197 -0.00116 -5.45E-04 -0.00171 
18186.75 -0.00197 -0.00114 -5.48E-04 -0.00169 
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18186.8 -0.00196 -0.00113 -5.51E-04 -0.00168 
18186.85 -0.00195 -0.00111 -5.52E-04 -0.00166 
18186.9 -0.00195 -0.00109 -5.54E-04 -0.00165 
18186.95 -0.00194 -0.00107 -5.55E-04 -0.00163 
18187 -0.00193 -0.00105 -5.55E-04 -0.00161 
18187.05 -0.00192 -0.00104 -5.54E-04 -0.00159 
18187.1 -0.00191 -0.00102 -5.53E-04 -0.00157 
18187.15 -0.0019 -9.96E-04 -5.52E-04 -0.00155 
18187.2 -0.00188 -9.77E-04 -5.50E-04 -0.00153 
18187.25 -0.00187 -9.57E-04 -5.48E-04 -0.0015 
18187.3 -0.00185 -9.37E-04 -5.45E-04 -0.00148 
18187.35 -0.00183 -9.16E-04 -5.41E-04 -0.00146 
18187.4 -0.00181 -8.96E-04 -5.38E-04 -0.00143 
18187.45 -0.0018 -8.77E-04 -5.34E-04 -0.00141 
18187.5 -0.00178 -8.57E-04 -5.29E-04 -0.00139 
18187.55 -0.00176 -8.37E-04 -5.24E-04 -0.00136 
18187.6 -0.00173 -8.18E-04 -5.19E-04 -0.00134 
18187.65 -0.00171 -7.99E-04 -5.13E-04 -0.00131 
18187.7 -0.00169 -7.81E-04 -5.07E-04 -0.00129 
18187.75 -0.00166 -7.63E-04 -5.01E-04 -0.00126 
18187.8 -0.00164 -7.46E-04 -4.94E-04 -0.00124 
18187.85 -0.00162 -7.29E-04 -4.88E-04 -0.00122 
18187.9 -0.00159 -7.13E-04 -4.81E-04 -0.00119 
18187.95 -0.00156 -6.97E-04 -4.73E-04 -0.00117 
18188 -0.00154 -6.82E-04 -4.66E-04 -0.00115 
18188.05 -0.00151 -6.68E-04 -4.58E-04 -0.00113 
18188.1 -0.00148 -6.55E-04 -4.50E-04 -0.00111 
18188.15 -0.00146 -6.43E-04 -4.42E-04 -0.00109 
18188.2 -0.00143 -6.32E-04 -4.34E-04 -0.00107 
18188.25 -0.0014 -6.22E-04 -4.26E-04 -0.00105 
18188.3 -0.00137 -6.13E-04 -4.18E-04 -0.00103 
18188.35 -0.00134 -6.05E-04 -4.09E-04 -0.00101 
18188.4 -0.00131 -5.98E-04 -4.01E-04 -9.99E-04 
18188.45 -0.00129 -5.92E-04 -3.92E-04 -9.85E-04 
18188.5 -0.00126 -5.88E-04 -3.84E-04 -9.72E-04 
18188.55 -0.00123 -5.84E-04 -3.75E-04 -9.60E-04 
18188.6 -0.0012 -5.82E-04 -3.67E-04 -9.49E-04 
18188.65 -0.00117 -5.80E-04 -3.58E-04 -9.39E-04 
18188.7 -0.00114 -5.80E-04 -3.50E-04 -9.30E-04 
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18188.75 -0.00111 -5.80E-04 -3.42E-04 -9.22E-04 
18188.8 -0.00109 -5.81E-04 -3.33E-04 -9.14E-04 
18188.85 -0.00106 -5.83E-04 -3.25E-04 -9.08E-04 
18188.9 -0.00103 -5.85E-04 -3.17E-04 -9.02E-04 
18188.95 -0.001 -5.89E-04 -3.09E-04 -8.98E-04 
18189 -9.77E-04 -5.92E-04 -3.01E-04 -8.94E-04 
18189.05 -9.50E-04 -5.97E-04 -2.94E-04 -8.91E-04 
18189.1 -9.24E-04 -6.02E-04 -2.86E-04 -8.88E-04 
18189.15 -8.99E-04 -6.07E-04 -2.79E-04 -8.87E-04 
18189.2 -8.74E-04 -6.13E-04 -2.72E-04 -8.85E-04 
18189.25 -8.49E-04 -6.20E-04 -2.65E-04 -8.85E-04 
18189.3 -8.25E-04 -6.26E-04 -2.59E-04 -8.85E-04 
18189.35 -8.02E-04 -6.33E-04 -2.52E-04 -8.86E-04 
18189.4 -7.79E-04 -6.41E-04 -2.46E-04 -8.87E-04 
18189.45 -7.56E-04 -6.48E-04 -2.40E-04 -8.88E-04 
18189.5 -7.35E-04 -6.56E-04 -2.34E-04 -8.90E-04 
18189.55 -7.14E-04 -6.64E-04 -2.28E-04 -8.93E-04 
18189.6 -6.93E-04 -6.72E-04 -2.23E-04 -8.95E-04 
18189.65 -6.73E-04 -6.80E-04 -2.18E-04 -8.98E-04 
18189.7 -6.55E-04 -6.89E-04 -2.13E-04 -9.01E-04 
18189.75 -6.36E-04 -6.97E-04 -2.08E-04 -9.05E-04 
18189.8 -6.19E-04 -7.05E-04 -2.04E-04 -9.08E-04 
18189.85 -6.02E-04 -7.13E-04 -2.00E-04 -9.12E-04 
18189.9 -5.86E-04 -7.20E-04 -1.96E-04 -9.16E-04 
18189.95 -5.71E-04 -7.28E-04 -1.92E-04 -9.20E-04 
18190 -5.57E-04 -7.35E-04 -1.89E-04 -9.24E-04 
18190.05 -5.44E-04 -7.42E-04 -1.86E-04 -9.28E-04 
18190.1 -5.32E-04 -7.49E-04 -1.83E-04 -9.32E-04 
18190.15 -5.21E-04 -7.56E-04 -1.80E-04 -9.36E-04 
18190.2 -5.10E-04 -7.62E-04 -1.78E-04 -9.39E-04 
18190.25 -5.01E-04 -7.67E-04 -1.76E-04 -9.43E-04 
18190.3 -4.93E-04 -7.72E-04 -1.74E-04 -9.46E-04 
18190.35 -4.85E-04 -7.76E-04 -1.73E-04 -9.50E-04 
18190.4 -4.79E-04 -7.80E-04 -1.72E-04 -9.52E-04 
18190.45 -4.74E-04 -7.83E-04 -1.72E-04 -9.55E-04 
18190.5 -4.70E-04 -7.86E-04 -1.71E-04 -9.57E-04 
18190.55 -4.68E-04 -7.88E-04 -1.71E-04 -9.59E-04 
18190.6 -4.66E-04 -7.90E-04 -1.72E-04 -9.61E-04 
18190.65 -4.66E-04 -7.91E-04 -1.72E-04 -9.63E-04 
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18190.7 -4.66E-04 -7.91E-04 -1.73E-04 -9.64E-04 
18190.75 -4.68E-04 -7.91E-04 -1.75E-04 -9.66E-04 
18190.8 -4.72E-04 -7.91E-04 -1.77E-04 -9.67E-04 
18190.85 -4.76E-04 -7.90E-04 -1.79E-04 -9.69E-04 
18190.9 -4.82E-04 -7.89E-04 -1.81E-04 -9.70E-04 
18190.95 -4.89E-04 -7.87E-04 -1.84E-04 -9.72E-04 
18191 -4.97E-04 -7.86E-04 -1.87E-04 -9.73E-04 
18191.05 -5.07E-04 -7.83E-04 -1.91E-04 -9.75E-04 
18191.1 -5.17E-04 -7.81E-04 -1.95E-04 -9.76E-04 
18191.15 -5.29E-04 -7.78E-04 -1.99E-04 -9.78E-04 
18191.2 -5.41E-04 -7.76E-04 -2.04E-04 -9.79E-04 
18191.25 -5.55E-04 -7.72E-04 -2.09E-04 -9.81E-04 
18191.3 -5.69E-04 -7.69E-04 -2.14E-04 -9.83E-04 
18191.35 -5.85E-04 -7.66E-04 -2.19E-04 -9.85E-04 
18191.4 -6.01E-04 -7.62E-04 -2.24E-04 -9.86E-04 
18191.45 -6.19E-04 -7.59E-04 -2.30E-04 -9.88E-04 
18191.5 -6.37E-04 -7.55E-04 -2.35E-04 -9.90E-04 
18191.55 -6.56E-04 -7.52E-04 -2.41E-04 -9.92E-04 
18191.6 -6.76E-04 -7.48E-04 -2.47E-04 -9.95E-04 
18191.65 -6.96E-04 -7.44E-04 -2.53E-04 -9.97E-04 
18191.7 -7.18E-04 -7.41E-04 -2.58E-04 -9.99E-04 
18191.75 -7.40E-04 -7.37E-04 -2.64E-04 -0.001 
18191.8 -7.62E-04 -7.34E-04 -2.70E-04 -0.001 
18191.85 -7.86E-04 -7.30E-04 -2.76E-04 -0.00101 
18191.9 -8.10E-04 -7.27E-04 -2.81E-04 -0.00101 
18191.95 -8.34E-04 -7.24E-04 -2.87E-04 -0.00101 
18192 -8.60E-04 -7.21E-04 -2.92E-04 -0.00101 
18192.05 -8.85E-04 -7.19E-04 -2.98E-04 -0.00102 
18192.1 -9.12E-04 -7.16E-04 -3.03E-04 -0.00102 
18192.15 -9.38E-04 -7.14E-04 -3.08E-04 -0.00102 
18192.2 -9.65E-04 -7.13E-04 -3.12E-04 -0.00103 
18192.25 -9.93E-04 -7.11E-04 -3.17E-04 -0.00103 
18192.3 -0.00102 -7.10E-04 -3.21E-04 -0.00103 
18192.35 -0.00105 -7.10E-04 -3.25E-04 -0.00103 
18192.4 -0.00108 -7.10E-04 -3.28E-04 -0.00104 
18192.45 -0.00111 -7.10E-04 -3.31E-04 -0.00104 
18192.5 -0.00114 -7.10E-04 -3.34E-04 -0.00104 
18192.55 -0.00117 -7.12E-04 -3.37E-04 -0.00105 
18192.6 -0.00119 -7.13E-04 -3.38E-04 -0.00105 
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18192.65 -0.00122 -7.15E-04 -3.40E-04 -0.00106 
18192.7 -0.00125 -7.18E-04 -3.41E-04 -0.00106 
18192.75 -0.00128 -7.20E-04 -3.41E-04 -0.00106 
18192.8 -0.00131 -7.23E-04 -3.41E-04 -0.00106 
18192.85 -0.00134 -7.26E-04 -3.41E-04 -0.00107 
18192.9 -0.00137 -7.30E-04 -3.40E-04 -0.00107 
18192.95 -0.0014 -7.33E-04 -3.38E-04 -0.00107 
18193 -0.00143 -7.37E-04 -3.36E-04 -0.00107 
18193.05 -0.00146 -7.40E-04 -3.33E-04 -0.00107 
18193.1 -0.00149 -7.44E-04 -3.29E-04 -0.00107 
18193.15 -0.00151 -7.48E-04 -3.25E-04 -0.00107 
18193.2 -0.00154 -7.52E-04 -3.21E-04 -0.00107 
18193.25 -0.00156 -7.55E-04 -3.16E-04 -0.00107 
18193.3 -0.00159 -7.59E-04 -3.10E-04 -0.00107 
18193.35 -0.00161 -7.62E-04 -3.04E-04 -0.00107 
18193.4 -0.00163 -7.65E-04 -2.98E-04 -0.00106 
18193.45 -0.00165 -7.68E-04 -2.91E-04 -0.00106 
18193.5 -0.00167 -7.71E-04 -2.84E-04 -0.00105 
18193.55 -0.00168 -7.73E-04 -2.76E-04 -0.00105 
18193.6 -0.0017 -7.75E-04 -2.68E-04 -0.00104 
18193.65 -0.00171 -7.77E-04 -2.60E-04 -0.00104 
18193.7 -0.00172 -7.78E-04 -2.52E-04 -0.00103 
18193.75 -0.00173 -7.78E-04 -2.43E-04 -0.00102 
18193.8 -0.00174 -7.79E-04 -2.34E-04 -0.00101 
18193.85 -0.00175 -7.78E-04 -2.24E-04 -0.001 
18193.9 -0.00175 -7.77E-04 -2.15E-04 -9.92E-04 
18193.95 -0.00175 -7.76E-04 -2.05E-04 -9.80E-04 
18194 -0.00175 -7.74E-04 -1.95E-04 -9.68E-04 
18194.05 -0.00175 -7.71E-04 -1.84E-04 -9.55E-04 
18194.1 -0.00174 -7.67E-04 -1.74E-04 -9.41E-04 
18194.15 -0.00173 -7.63E-04 -1.63E-04 -9.26E-04 
18194.2 -0.00172 -7.57E-04 -1.53E-04 -9.10E-04 
18194.25 -0.00171 -7.51E-04 -1.42E-04 -8.93E-04 
18194.3 -0.00169 -7.44E-04 -1.31E-04 -8.75E-04 
18194.35 -0.00167 -7.36E-04 -1.20E-04 -8.56E-04 
18194.4 -0.00164 -7.27E-04 -1.09E-04 -8.36E-04 
18194.45 -0.00162 -7.17E-04 -9.77E-05 -8.15E-04 
18194.5 -0.00159 -7.07E-04 -8.66E-05 -7.93E-04 
18194.55 -0.00155 -6.94E-04 -7.55E-05 -7.70E-04 
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18194.6 -0.00152 -6.81E-04 -6.44E-05 -7.46E-04 
18194.65 -0.00147 -6.67E-04 -5.34E-05 -7.20E-04 
18194.7 -0.00143 -6.52E-04 -4.24E-05 -6.94E-04 
18194.75 -0.00138 -6.35E-04 -3.15E-05 -6.67E-04 
18194.8 -0.00134 -6.18E-04 -2.08E-05 -6.39E-04 
18194.85 -0.00128 -6.00E-04 -1.01E-05 -6.10E-04 
18194.9 -0.00123 -5.80E-04 4.24E-07 -5.80E-04 
18194.95 -0.00118 -5.60E-04 1.08E-05 -5.49E-04 
18195 -0.00112 -5.39E-04 2.10E-05 -5.18E-04 
18195.05 -0.00106 -5.18E-04 3.10E-05 -4.87E-04 
18195.1 -1.00E-03 -4.95E-04 4.08E-05 -4.54E-04 
18195.15 -9.38E-04 -4.72E-04 5.04E-05 -4.22E-04 
18195.2 -8.76E-04 -4.48E-04 5.98E-05 -3.89E-04 
18195.25 -8.13E-04 -4.24E-04 6.90E-05 -3.55E-04 
18195.3 -7.49E-04 -3.99E-04 7.80E-05 -3.21E-04 
18195.35 -6.85E-04 -3.74E-04 8.68E-05 -2.87E-04 
18195.4 -6.21E-04 -3.48E-04 9.54E-05 -2.53E-04 
18195.45 -5.57E-04 -3.22E-04 1.04E-04 -2.18E-04 
18195.5 -4.93E-04 -2.95E-04 1.12E-04 -1.83E-04 
18195.55 -4.30E-04 -2.68E-04 1.20E-04 -1.48E-04 
18195.6 -3.67E-04 -2.41E-04 1.27E-04 -1.14E-04 
18195.65 -3.05E-04 -2.13E-04 1.34E-04 -7.88E-05 
18195.7 -2.44E-04 -1.85E-04 1.41E-04 -4.41E-05 
18195.75 -1.85E-04 -1.58E-04 1.48E-04 -9.45E-06 
18195.8 -1.26E-04 -1.30E-04 1.55E-04 2.50E-05 
18195.85 -6.98E-05 -1.02E-04 1.61E-04 5.92E-05 
18195.9 -1.51E-05 -7.35E-05 1.67E-04 9.32E-05 
18195.95 3.76E-05 -4.54E-05 1.72E-04 1.27E-04 
18196 8.80E-05 -1.74E-05 1.78E-04 1.60E-04 
18196.05 1.36E-04 1.05E-05 1.82E-04 1.93E-04 
18196.1 1.81E-04 3.83E-05 1.87E-04 2.25E-04 
18196.15 2.24E-04 6.59E-05 1.91E-04 2.57E-04 
18196.2 2.63E-04 9.32E-05 1.95E-04 2.89E-04 
18196.25 2.99E-04 1.20E-04 1.99E-04 3.19E-04 
18196.3 3.32E-04 1.47E-04 2.02E-04 3.49E-04 
18196.35 3.61E-04 1.73E-04 2.05E-04 3.78E-04 
18196.4 3.86E-04 1.99E-04 2.08E-04 4.07E-04 
18196.45 4.07E-04 2.25E-04 2.10E-04 4.35E-04 
18196.5 4.24E-04 2.50E-04 2.12E-04 4.61E-04 
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18196.55 4.38E-04 2.74E-04 2.13E-04 4.87E-04 
18196.6 4.47E-04 2.98E-04 2.14E-04 5.12E-04 
18196.65 4.53E-04 3.21E-04 2.15E-04 5.36E-04 
18196.7 4.55E-04 3.44E-04 2.15E-04 5.59E-04 
18196.75 4.54E-04 3.66E-04 2.15E-04 5.80E-04 
18196.8 4.49E-04 3.87E-04 2.14E-04 6.01E-04 
18196.85 4.42E-04 4.07E-04 2.13E-04 6.20E-04 
18196.9 4.32E-04 4.27E-04 2.11E-04 6.39E-04 
18196.95 4.19E-04 4.46E-04 2.10E-04 6.56E-04 
18197 4.04E-04 4.64E-04 2.07E-04 6.71E-04 
18197.05 3.86E-04 4.82E-04 2.04E-04 6.86E-04 
18197.1 3.66E-04 4.98E-04 2.01E-04 6.99E-04 
18197.15 3.44E-04 5.14E-04 1.98E-04 7.12E-04 
18197.2 3.20E-04 5.29E-04 1.94E-04 7.23E-04 
18197.25 2.94E-04 5.44E-04 1.89E-04 7.33E-04 
18197.3 2.67E-04 5.57E-04 1.84E-04 7.42E-04 
18197.35 2.38E-04 5.70E-04 1.79E-04 7.49E-04 
18197.4 2.08E-04 5.82E-04 1.74E-04 7.56E-04 
18197.45 1.76E-04 5.93E-04 1.68E-04 7.62E-04 
18197.5 1.44E-04 6.04E-04 1.62E-04 7.66E-04 
18197.55 1.11E-04 6.13E-04 1.56E-04 7.70E-04 
18197.6 7.66E-05 6.22E-04 1.50E-04 7.72E-04 
18197.65 4.21E-05 6.30E-04 1.43E-04 7.74E-04 
18197.7 7.21E-06 6.37E-04 1.37E-04 7.74E-04 
18197.75 -2.79E-05 6.44E-04 1.30E-04 7.73E-04 
18197.8 -6.32E-05 6.49E-04 1.23E-04 7.72E-04 
18197.85 -9.83E-05 6.54E-04 1.15E-04 7.69E-04 
18197.9 -1.33E-04 6.58E-04 1.08E-04 7.66E-04 
18197.95 -1.68E-04 6.61E-04 1.01E-04 7.62E-04 
18198 -2.02E-04 6.63E-04 9.32E-05 7.56E-04 
18198.05 -2.35E-04 6.64E-04 8.57E-05 7.50E-04 
18198.1 -2.68E-04 6.65E-04 7.81E-05 7.43E-04 
18198.15 -2.99E-04 6.64E-04 7.06E-05 7.35E-04 
18198.2 -3.30E-04 6.63E-04 6.30E-05 7.26E-04 
18198.25 -3.59E-04 6.61E-04 5.55E-05 7.16E-04 
18198.3 -3.86E-04 6.58E-04 4.81E-05 7.06E-04 
18198.35 -4.12E-04 6.54E-04 4.07E-05 6.94E-04 
18198.4 -4.37E-04 6.49E-04 3.34E-05 6.82E-04 
18198.45 -4.59E-04 6.43E-04 2.62E-05 6.69E-04 
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18198.5 -4.81E-04 6.36E-04 1.92E-05 6.56E-04 
18198.55 -5.00E-04 6.29E-04 1.23E-05 6.41E-04 
18198.6 -5.18E-04 6.20E-04 5.57E-06 6.26E-04 
18198.65 -5.35E-04 6.11E-04 -9.69E-07 6.10E-04 
18198.7 -5.50E-04 6.01E-04 -7.29E-06 5.93E-04 
18198.75 -5.63E-04 5.89E-04 -1.34E-05 5.76E-04 
18198.8 -5.75E-04 5.77E-04 -1.92E-05 5.58E-04 
18198.85 -5.86E-04 5.64E-04 -2.48E-05 5.39E-04 
18198.9 -5.96E-04 5.50E-04 -3.01E-05 5.20E-04 
18198.95 -6.04E-04 5.35E-04 -3.51E-05 5.00E-04 
18199 -6.11E-04 5.19E-04 -3.97E-05 4.80E-04 
18199.05 -6.17E-04 5.03E-04 -4.40E-05 4.59E-04 
18199.1 -6.22E-04 4.86E-04 -4.79E-05 4.38E-04 
18199.15 -6.25E-04 4.68E-04 -5.15E-05 4.17E-04 
18199.2 -6.28E-04 4.50E-04 -5.47E-05 3.96E-04 
18199.25 -6.29E-04 4.32E-04 -5.76E-05 3.74E-04 
18199.3 -6.29E-04 4.13E-04 -6.01E-05 3.53E-04 
18199.35 -6.29E-04 3.94E-04 -6.23E-05 3.32E-04 
18199.4 -6.27E-04 3.74E-04 -6.41E-05 3.10E-04 
18199.45 -6.24E-04 3.55E-04 -6.56E-05 2.89E-04 
18199.5 -6.21E-04 3.35E-04 -6.68E-05 2.69E-04 
18199.55 -6.17E-04 3.16E-04 -6.76E-05 2.48E-04 
18199.6 -6.11E-04 2.96E-04 -6.81E-05 2.28E-04 
18199.65 -6.06E-04 2.77E-04 -6.83E-05 2.09E-04 
18199.7 -5.99E-04 2.58E-04 -6.82E-05 1.90E-04 
18199.75 -5.92E-04 2.39E-04 -6.77E-05 1.72E-04 
18199.8 -5.84E-04 2.21E-04 -6.70E-05 1.54E-04 
18199.85 -5.75E-04 2.03E-04 -6.59E-05 1.37E-04 
18199.9 -5.66E-04 1.86E-04 -6.46E-05 1.21E-04 
18199.95 -5.56E-04 1.69E-04 -6.29E-05 1.06E-04 
18200 -5.46E-04 1.53E-04 -6.10E-05 9.15E-05 
18200.05 -5.35E-04 1.37E-04 -5.88E-05 7.83E-05 
18200.1 -5.24E-04 1.22E-04 -5.63E-05 6.61E-05 
18200.15 -5.12E-04 1.09E-04 -5.35E-05 5.51E-05 
18200.2 -5.00E-04 9.57E-05 -5.05E-05 4.53E-05 
18200.25 -4.87E-04 8.39E-05 -4.71E-05 3.68E-05 
18200.3 -4.75E-04 7.32E-05 -4.36E-05 2.96E-05 
18200.35 -4.62E-04 6.36E-05 -3.97E-05 2.39E-05 
18200.4 -4.48E-04 5.52E-05 -3.56E-05 1.96E-05 
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18200.45 -4.35E-04 4.82E-05 -3.13E-05 1.69E-05 
18200.5 -4.22E-04 4.25E-05 -2.66E-05 1.59E-05 
18200.55 -4.08E-04 3.83E-05 -2.18E-05 1.65E-05 
18200.6 -3.94E-04 3.56E-05 -1.67E-05 1.89E-05 
18200.65 -3.80E-04 3.45E-05 -1.14E-05 2.31E-05 
18200.7 -3.67E-04 3.50E-05 -5.83E-06 2.92E-05 
18200.75 -3.53E-04 3.73E-05 -5.17E-08 3.73E-05 
18200.8 -3.40E-04 4.14E-05 5.95E-06 4.74E-05 
18200.85 -3.26E-04 4.74E-05 1.22E-05 5.96E-05 
18200.9 -3.13E-04 5.53E-05 1.86E-05 7.39E-05 
18200.95 -3.00E-04 6.52E-05 2.53E-05 9.05E-05 
18201 -2.87E-04 7.73E-05 3.21E-05 1.09E-04 
18201.05 -2.75E-04 9.15E-05 3.92E-05 1.31E-04 
18201.1 -2.63E-04 1.08E-04 4.64E-05 1.54E-04 
18201.15 -2.52E-04 1.26E-04 5.39E-05 1.80E-04 
18201.2 -2.40E-04 1.46E-04 6.15E-05 2.08E-04 
18201.25 -2.30E-04 1.68E-04 6.93E-05 2.37E-04 
18201.3 -2.20E-04 1.92E-04 7.73E-05 2.69E-04 
18201.35 -2.10E-04 2.17E-04 8.54E-05 3.02E-04 
18201.4 -2.01E-04 2.44E-04 9.37E-05 3.38E-04 
18201.45 -1.93E-04 2.72E-04 1.02E-04 3.74E-04 
18201.5 -1.86E-04 3.02E-04 1.11E-04 4.12E-04 
18201.55 -1.79E-04 3.32E-04 1.19E-04 4.52E-04 
18201.6 -1.73E-04 3.64E-04 1.28E-04 4.92E-04 
18201.65 -1.68E-04 3.97E-04 1.37E-04 5.34E-04 
18201.7 -1.63E-04 4.31E-04 1.45E-04 5.77E-04 
18201.75 -1.60E-04 4.66E-04 1.54E-04 6.21E-04 
18201.8 -1.57E-04 5.02E-04 1.63E-04 6.65E-04 
18201.85 -1.56E-04 5.38E-04 1.72E-04 7.10E-04 
18201.9 -1.56E-04 5.75E-04 1.81E-04 7.56E-04 
18201.95 -1.56E-04 6.12E-04 1.90E-04 8.03E-04 
18202 -1.58E-04 6.50E-04 1.99E-04 8.49E-04 
18202.05 -1.61E-04 6.88E-04 2.08E-04 8.96E-04 
18202.1 -1.65E-04 7.27E-04 2.17E-04 9.43E-04 
18202.15 -1.71E-04 7.65E-04 2.26E-04 9.91E-04 
18202.2 -1.78E-04 8.04E-04 2.34E-04 0.00104 
18202.25 -1.86E-04 8.42E-04 2.43E-04 0.00109 
18202.3 -1.95E-04 8.80E-04 2.52E-04 0.00113 
18202.35 -2.06E-04 9.18E-04 2.60E-04 0.00118 
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18202.4 -2.18E-04 9.56E-04 2.69E-04 0.00122 
18202.45 -2.31E-04 9.93E-04 2.77E-04 0.00127 
18202.5 -2.45E-04 0.00103 2.85E-04 0.00131 
18202.55 -2.60E-04 0.00107 2.93E-04 0.00136 
18202.6 -2.75E-04 0.0011 3.01E-04 0.0014 
18202.65 -2.92E-04 0.00114 3.09E-04 0.00144 
18202.7 -3.09E-04 0.00117 3.16E-04 0.00149 
18202.75 -3.27E-04 0.0012 3.24E-04 0.00153 
18202.8 -3.46E-04 0.00123 3.31E-04 0.00156 
18202.85 -3.65E-04 0.00126 3.38E-04 0.0016 
18202.9 -3.84E-04 0.00129 3.44E-04 0.00164 
18202.95 -4.03E-04 0.00132 3.51E-04 0.00167 
18203 -4.23E-04 0.00135 3.57E-04 0.0017 
18203.05 -4.43E-04 0.00137 3.63E-04 0.00173 
18203.1 -4.63E-04 0.00139 3.69E-04 0.00176 
18203.15 -4.82E-04 0.00142 3.74E-04 0.00179 
18203.2 -5.02E-04 0.00143 3.79E-04 0.00181 
18203.25 -5.21E-04 0.00145 3.84E-04 0.00184 
18203.3 -5.40E-04 0.00147 3.88E-04 0.00186 
18203.35 -5.59E-04 0.00148 3.93E-04 0.00187 
18203.4 -5.77E-04 0.00149 3.96E-04 0.00189 
18203.45 -5.95E-04 0.0015 4.00E-04 0.0019 
18203.5 -6.12E-04 0.00151 4.03E-04 0.00192 
18203.55 -6.28E-04 0.00152 4.06E-04 0.00193 
18203.6 -6.44E-04 0.00153 4.09E-04 0.00193 
18203.65 -6.59E-04 0.00153 4.11E-04 0.00194 
18203.7 -6.72E-04 0.00153 4.13E-04 0.00194 
18203.75 -6.85E-04 0.00153 4.15E-04 0.00195 
18203.8 -6.97E-04 0.00153 4.16E-04 0.00195 
18203.85 -7.07E-04 0.00153 4.17E-04 0.00195 
18203.9 -7.16E-04 0.00153 4.18E-04 0.00194 
18203.95 -7.23E-04 0.00152 4.19E-04 0.00194 
18204 -7.30E-04 0.00151 4.19E-04 0.00193 
18204.05 -7.34E-04 0.0015 4.19E-04 0.00192 
18204.1 -7.37E-04 0.0015 4.19E-04 0.00191 
18204.15 -7.38E-04 0.00148 4.18E-04 0.0019 
18204.2 -7.38E-04 0.00147 4.17E-04 0.00189 
18204.25 -7.35E-04 0.00146 4.16E-04 0.00188 
18204.3 -7.31E-04 0.00144 4.15E-04 0.00186 
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18204.35 -7.25E-04 0.00143 4.13E-04 0.00184 
18204.4 -7.17E-04 0.00141 4.12E-04 0.00182 
18204.45 -7.08E-04 0.00139 4.09E-04 0.0018 
18204.5 -6.97E-04 0.00138 4.07E-04 0.00178 
18204.55 -6.85E-04 0.00136 4.04E-04 0.00176 
18204.6 -6.71E-04 0.00133 4.01E-04 0.00174 
18204.65 -6.55E-04 0.00131 3.98E-04 0.00171 
18204.7 -6.39E-04 0.00129 3.95E-04 0.00168 
18204.75 -6.21E-04 0.00126 3.91E-04 0.00166 
18204.8 -6.02E-04 0.00124 3.87E-04 0.00163 
18204.85 -5.82E-04 0.00121 3.83E-04 0.0016 
18204.9 -5.60E-04 0.00119 3.79E-04 0.00157 
18204.95 -5.38E-04 0.00116 3.74E-04 0.00153 
18205 -5.15E-04 0.00113 3.69E-04 0.0015 
18205.05 -4.91E-04 0.0011 3.64E-04 0.00147 
18205.1 -4.66E-04 0.00107 3.59E-04 0.00143 
18205.15 -4.41E-04 0.00104 3.54E-04 0.00139 
18205.2 -4.15E-04 0.00101 3.48E-04 0.00136 
18205.25 -3.88E-04 9.77E-04 3.42E-04 0.00132 
18205.3 -3.61E-04 9.44E-04 3.36E-04 0.00128 
18205.35 -3.34E-04 9.11E-04 3.29E-04 0.00124 
18205.4 -3.06E-04 8.77E-04 3.23E-04 0.0012 
18205.45 -2.78E-04 8.42E-04 3.16E-04 0.00116 
18205.5 -2.49E-04 8.08E-04 3.09E-04 0.00112 
18205.55 -2.21E-04 7.72E-04 3.02E-04 0.00107 
18205.6 -1.92E-04 7.37E-04 2.94E-04 0.00103 
18205.65 -1.64E-04 7.01E-04 2.87E-04 9.88E-04 
18205.7 -1.35E-04 6.65E-04 2.79E-04 9.44E-04 
18205.75 -1.06E-04 6.28E-04 2.72E-04 9.00E-04 
18205.8 -7.80E-05 5.92E-04 2.64E-04 8.55E-04 
18205.85 -4.99E-05 5.55E-04 2.56E-04 8.11E-04 
18205.9 -2.22E-05 5.18E-04 2.48E-04 7.66E-04 
18205.95 5.24E-06 4.81E-04 2.40E-04 7.21E-04 
18206 3.22E-05 4.45E-04 2.32E-04 6.76E-04 
18206.05 5.86E-05 4.08E-04 2.24E-04 6.32E-04 
18206.1 8.45E-05 3.71E-04 2.16E-04 5.87E-04 
18206.15 1.10E-04 3.35E-04 2.08E-04 5.43E-04 
18206.2 1.34E-04 2.99E-04 2.00E-04 4.99E-04 
18206.25 1.58E-04 2.63E-04 1.92E-04 4.55E-04 
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18206.3 1.81E-04 2.28E-04 1.84E-04 4.11E-04 
18206.35 2.03E-04 1.93E-04 1.76E-04 3.68E-04 
18206.4 2.24E-04 1.58E-04 1.68E-04 3.26E-04 
18206.45 2.45E-04 1.24E-04 1.60E-04 2.84E-04 
18206.5 2.64E-04 9.03E-05 1.52E-04 2.43E-04 
18206.55 2.83E-04 5.73E-05 1.45E-04 2.02E-04 
18206.6 3.02E-04 2.49E-05 1.37E-04 1.62E-04 
18206.65 3.19E-04 -6.77E-06 1.30E-04 1.23E-04 
18206.7 3.36E-04 -3.77E-05 1.23E-04 8.53E-05 
18206.75 3.52E-04 -6.78E-05 1.16E-04 4.82E-05 
18206.8 3.68E-04 -9.71E-05 1.09E-04 1.21E-05 
18206.85 3.83E-04 -1.26E-04 1.03E-04 -2.28E-05 
18206.9 3.97E-04 -1.53E-04 9.64E-05 -5.66E-05 
18206.95 4.11E-04 -1.79E-04 9.02E-05 -8.92E-05 
18207 4.23E-04 -2.05E-04 8.44E-05 -1.20E-04 
18207.05 4.36E-04 -2.29E-04 7.88E-05 -1.50E-04 
18207.1 4.48E-04 -2.52E-04 7.34E-05 -1.79E-04 
18207.15 4.59E-04 -2.74E-04 6.84E-05 -2.06E-04 
18207.2 4.69E-04 -2.95E-04 6.36E-05 -2.31E-04 
18207.25 4.79E-04 -3.14E-04 5.92E-05 -2.55E-04 
18207.3 4.89E-04 -3.32E-04 5.50E-05 -2.77E-04 
18207.35 4.98E-04 -3.49E-04 5.13E-05 -2.98E-04 
18207.4 5.06E-04 -3.64E-04 4.78E-05 -3.16E-04 
18207.45 5.14E-04 -3.78E-04 4.48E-05 -3.33E-04 
18207.5 5.22E-04 -3.90E-04 4.21E-05 -3.48E-04 
18207.55 5.29E-04 -4.01E-04 3.99E-05 -3.61E-04 
18207.6 5.35E-04 -4.09E-04 3.80E-05 -3.72E-04 
18207.65 5.42E-04 -4.17E-04 3.64E-05 -3.80E-04 
18207.7 5.47E-04 -4.22E-04 3.52E-05 -3.87E-04 
18207.75 5.53E-04 -4.26E-04 3.44E-05 -3.92E-04 
18207.8 5.58E-04 -4.28E-04 3.39E-05 -3.95E-04 
18207.85 5.62E-04 -4.29E-04 3.36E-05 -3.96E-04 
18207.9 5.66E-04 -4.28E-04 3.37E-05 -3.95E-04 
18207.95 5.70E-04 -4.26E-04 3.41E-05 -3.92E-04 
18208 5.73E-04 -4.23E-04 3.48E-05 -3.88E-04 
18208.05 5.76E-04 -4.18E-04 3.57E-05 -3.82E-04 
18208.1 5.79E-04 -4.11E-04 3.69E-05 -3.74E-04 
18208.15 5.82E-04 -4.03E-04 3.84E-05 -3.65E-04 
18208.2 5.84E-04 -3.94E-04 4.01E-05 -3.54E-04 
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18208.25 5.86E-04 -3.84E-04 4.20E-05 -3.42E-04 
18208.3 5.87E-04 -3.72E-04 4.41E-05 -3.28E-04 
18208.35 5.89E-04 -3.60E-04 4.64E-05 -3.13E-04 
18208.4 5.90E-04 -3.46E-04 4.89E-05 -2.97E-04 
18208.45 5.90E-04 -3.31E-04 5.16E-05 -2.79E-04 
18208.5 5.91E-04 -3.15E-04 5.44E-05 -2.60E-04 
18208.55 5.91E-04 -2.98E-04 5.74E-05 -2.40E-04 
18208.6 5.90E-04 -2.80E-04 6.05E-05 -2.19E-04 
18208.65 5.89E-04 -2.61E-04 6.38E-05 -1.97E-04 
18208.7 5.88E-04 -2.41E-04 6.71E-05 -1.73E-04 
18208.75 5.86E-04 -2.20E-04 7.06E-05 -1.49E-04 
18208.8 5.84E-04 -1.98E-04 7.42E-05 -1.24E-04 
18208.85 5.81E-04 -1.75E-04 7.79E-05 -9.73E-05 
18208.9 5.78E-04 -1.52E-04 8.16E-05 -7.02E-05 
18208.95 5.74E-04 -1.28E-04 8.54E-05 -4.23E-05 
18209 5.69E-04 -1.03E-04 8.92E-05 -1.36E-05 
18209.05 5.64E-04 -7.72E-05 9.31E-05 1.59E-05 
18209.1 5.58E-04 -5.10E-05 9.70E-05 4.60E-05 
18209.15 5.52E-04 -2.42E-05 1.01E-04 7.67E-05 
18209.2 5.45E-04 3.16E-06 1.05E-04 1.08E-04 
18209.25 5.37E-04 3.11E-05 1.09E-04 1.40E-04 
18209.3 5.29E-04 5.95E-05 1.13E-04 1.72E-04 
18209.35 5.20E-04 8.84E-05 1.16E-04 2.05E-04 
18209.4 5.10E-04 1.18E-04 1.20E-04 2.38E-04 
18209.45 4.99E-04 1.47E-04 1.24E-04 2.71E-04 
18209.5 4.88E-04 1.77E-04 1.28E-04 3.05E-04 
18209.55 4.75E-04 2.08E-04 1.31E-04 3.39E-04 
18209.6 4.62E-04 2.38E-04 1.35E-04 3.73E-04 
18209.65 4.48E-04 2.69E-04 1.38E-04 4.07E-04 
18209.7 4.33E-04 3.00E-04 1.41E-04 4.42E-04 
18209.75 4.17E-04 3.32E-04 1.44E-04 4.76E-04 
18209.8 4.01E-04 3.63E-04 1.48E-04 5.11E-04 
18209.85 3.83E-04 3.95E-04 1.51E-04 5.45E-04 
18209.9 3.64E-04 4.26E-04 1.53E-04 5.80E-04 
18209.95 3.45E-04 4.58E-04 1.56E-04 6.14E-04 
18210 3.24E-04 4.90E-04 1.59E-04 6.48E-04 
18210.05 3.03E-04 5.21E-04 1.61E-04 6.83E-04 
18210.1 2.80E-04 5.53E-04 1.64E-04 7.17E-04 
18210.15 2.56E-04 5.85E-04 1.66E-04 7.51E-04 
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18210.2 2.31E-04 6.16E-04 1.68E-04 7.85E-04 
18210.25 2.05E-04 6.48E-04 1.70E-04 8.18E-04 
18210.3 1.78E-04 6.79E-04 1.72E-04 8.52E-04 
18210.35 1.50E-04 7.11E-04 1.74E-04 8.85E-04 
18210.4 1.20E-04 7.42E-04 1.76E-04 9.18E-04 
18210.45 9.00E-05 7.73E-04 1.78E-04 9.51E-04 
18210.5 5.89E-05 8.04E-04 1.80E-04 9.83E-04 
18210.55 2.69E-05 8.34E-04 1.81E-04 0.00102 
18210.6 -5.72E-06 8.65E-04 1.83E-04 0.00105 
18210.65 -3.90E-05 8.95E-04 1.84E-04 0.00108 
18210.7 -7.28E-05 9.25E-04 1.85E-04 0.00111 
18210.75 -1.07E-04 9.55E-04 1.86E-04 0.00114 
18210.8 -1.42E-04 9.84E-04 1.88E-04 0.00117 
18210.85 -1.76E-04 0.00101 1.89E-04 0.0012 
18210.9 -2.12E-04 0.00104 1.89E-04 0.00123 
18210.95 -2.47E-04 0.00107 1.90E-04 0.00126 
18211 -2.82E-04 0.0011 1.91E-04 0.00129 
18211.05 -3.17E-04 0.00113 1.92E-04 0.00132 
18211.1 -3.52E-04 0.00115 1.92E-04 0.00135 
18211.15 -3.87E-04 0.00118 1.93E-04 0.00137 
18211.2 -4.21E-04 0.00121 1.93E-04 0.0014 
18211.25 -4.55E-04 0.00123 1.94E-04 0.00143 
18211.3 -4.89E-04 0.00126 1.94E-04 0.00145 
18211.35 -5.22E-04 0.00128 1.94E-04 0.00148 
18211.4 -5.54E-04 0.00131 1.94E-04 0.0015 
18211.45 -5.86E-04 0.00133 1.94E-04 0.00152 
18211.5 -6.17E-04 0.00135 1.94E-04 0.00155 
18211.55 -6.47E-04 0.00137 1.94E-04 0.00157 
18211.6 -6.76E-04 0.0014 1.94E-04 0.00159 
18211.65 -7.04E-04 0.00142 1.93E-04 0.00161 
18211.7 -7.31E-04 0.00144 1.93E-04 0.00163 
18211.75 -7.56E-04 0.00146 1.93E-04 0.00165 
18211.8 -7.80E-04 0.00148 1.92E-04 0.00167 
18211.85 -8.03E-04 0.0015 1.92E-04 0.00169 
18211.9 -8.24E-04 0.00151 1.91E-04 0.0017 
18211.95 -8.44E-04 0.00153 1.90E-04 0.00172 
18212 -8.62E-04 0.00155 1.89E-04 0.00173 
18212.05 -8.78E-04 0.00156 1.89E-04 0.00175 
18212.1 -8.93E-04 0.00158 1.88E-04 0.00176 
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18212.15 -9.05E-04 0.00159 1.87E-04 0.00178 
18212.2 -9.16E-04 0.0016 1.86E-04 0.00179 
18212.25 -9.25E-04 0.00161 1.85E-04 0.0018 
18212.3 -9.31E-04 0.00162 1.84E-04 0.00181 
18212.35 -9.35E-04 0.00163 1.83E-04 0.00182 
18212.4 -9.37E-04 0.00164 1.82E-04 0.00183 
18212.45 -9.36E-04 0.00165 1.81E-04 0.00183 
18212.5 -9.34E-04 0.00166 1.80E-04 0.00184 
18212.55 -9.29E-04 0.00167 1.79E-04 0.00185 
18212.6 -9.22E-04 0.00167 1.78E-04 0.00185 
18212.65 -9.14E-04 0.00168 1.78E-04 0.00185 
18212.7 -9.03E-04 0.00168 1.77E-04 0.00186 
18212.75 -8.91E-04 0.00168 1.76E-04 0.00186 
18212.8 -8.76E-04 0.00169 1.75E-04 0.00186 
18212.85 -8.60E-04 0.00169 1.74E-04 0.00186 
18212.9 -8.42E-04 0.00169 1.74E-04 0.00186 
18212.95 -8.22E-04 0.00169 1.73E-04 0.00186 
18213 -8.01E-04 0.00169 1.72E-04 0.00186 
18213.05 -7.79E-04 0.00169 1.72E-04 0.00186 
18213.1 -7.54E-04 0.00168 1.72E-04 0.00185 
18213.15 -7.29E-04 0.00168 1.71E-04 0.00185 
18213.2 -7.01E-04 0.00167 1.71E-04 0.00184 
18213.25 -6.73E-04 0.00167 1.71E-04 0.00184 
18213.3 -6.43E-04 0.00166 1.71E-04 0.00183 
18213.35 -6.12E-04 0.00165 1.71E-04 0.00183 
18213.4 -5.80E-04 0.00165 1.71E-04 0.00182 
18213.45 -5.47E-04 0.00164 1.72E-04 0.00181 
18213.5 -5.13E-04 0.00163 1.72E-04 0.0018 
18213.55 -4.77E-04 0.00162 1.73E-04 0.00179 
18213.6 -4.41E-04 0.0016 1.73E-04 0.00178 
18213.65 -4.04E-04 0.00159 1.74E-04 0.00177 
18213.7 -3.66E-04 0.00158 1.75E-04 0.00175 
18213.75 -3.27E-04 0.00156 1.77E-04 0.00174 
18213.8 -2.87E-04 0.00155 1.78E-04 0.00173 
18213.85 -2.47E-04 0.00153 1.79E-04 0.00171 
18213.9 -2.06E-04 0.00151 1.81E-04 0.00169 
18213.95 -1.65E-04 0.0015 1.83E-04 0.00168 
18214 -1.23E-04 0.00148 1.85E-04 0.00166 
18214.05 -8.03E-05 0.00146 1.87E-04 0.00164 
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18214.1 -3.75E-05 0.00144 1.90E-04 0.00163 
18214.15 5.75E-06 0.00141 1.93E-04 0.00161 
18214.2 4.93E-05 0.00139 1.95E-04 0.00159 
18214.25 9.30E-05 0.00137 1.98E-04 0.00157 
18214.3 1.37E-04 0.00134 2.01E-04 0.00154 
18214.35 1.81E-04 0.00132 2.05E-04 0.00152 
18214.4 2.25E-04 0.00129 2.08E-04 0.0015 
18214.45 2.69E-04 0.00126 2.11E-04 0.00147 
18214.5 3.14E-04 0.00123 2.15E-04 0.00145 
18214.55 3.58E-04 0.00121 2.19E-04 0.00142 
18214.6 4.01E-04 0.00118 2.23E-04 0.0014 
18214.65 4.45E-04 0.00115 2.26E-04 0.00137 
18214.7 4.88E-04 0.00111 2.30E-04 0.00134 
18214.75 5.31E-04 0.00108 2.34E-04 0.00132 
18214.8 5.73E-04 0.00105 2.38E-04 0.00129 
18214.85 6.15E-04 0.00102 2.42E-04 0.00126 
18214.9 6.56E-04 9.86E-04 2.47E-04 0.00123 
18214.95 6.96E-04 9.53E-04 2.51E-04 0.0012 
18215 7.36E-04 9.19E-04 2.55E-04 0.00117 
18215.05 7.75E-04 8.86E-04 2.59E-04 0.00114 
18215.1 8.13E-04 8.52E-04 2.63E-04 0.00112 
18215.15 8.49E-04 8.18E-04 2.67E-04 0.00109 
18215.2 8.85E-04 7.85E-04 2.71E-04 0.00106 
18215.25 9.20E-04 7.51E-04 2.75E-04 0.00103 
18215.3 9.53E-04 7.17E-04 2.79E-04 9.97E-04 
18215.35 9.85E-04 6.84E-04 2.83E-04 9.67E-04 
18215.4 0.00102 6.50E-04 2.87E-04 9.38E-04 
18215.45 0.00104 6.17E-04 2.91E-04 9.08E-04 
18215.5 0.00107 5.85E-04 2.95E-04 8.79E-04 
18215.55 0.0011 5.52E-04 2.98E-04 8.51E-04 
18215.6 0.00112 5.20E-04 3.02E-04 8.22E-04 
18215.65 0.00114 4.89E-04 3.05E-04 7.94E-04 
18215.7 0.00117 4.58E-04 3.09E-04 7.67E-04 
18215.75 0.00118 4.28E-04 3.12E-04 7.39E-04 
18215.8 0.0012 3.98E-04 3.15E-04 7.13E-04 
18215.85 0.00122 3.69E-04 3.18E-04 6.87E-04 
18215.9 0.00123 3.41E-04 3.20E-04 6.61E-04 
18215.95 0.00124 3.13E-04 3.23E-04 6.36E-04 
18216 0.00125 2.87E-04 3.25E-04 6.12E-04 
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18216.05 0.00125 2.61E-04 3.27E-04 5.89E-04 
18216.1 0.00126 2.37E-04 3.29E-04 5.66E-04 
18216.15 0.00126 2.13E-04 3.31E-04 5.44E-04 
18216.2 0.00126 1.91E-04 3.33E-04 5.23E-04 
18216.25 0.00125 1.69E-04 3.34E-04 5.03E-04 
18216.3 0.00124 1.49E-04 3.35E-04 4.85E-04 
18216.35 0.00123 1.31E-04 3.36E-04 4.67E-04 
18216.4 0.00122 1.13E-04 3.37E-04 4.50E-04 
18216.45 0.00121 9.70E-05 3.37E-04 4.34E-04 
18216.5 0.00119 8.23E-05 3.37E-04 4.20E-04 
18216.55 0.00117 6.92E-05 3.37E-04 4.06E-04 
18216.6 0.00114 5.76E-05 3.37E-04 3.95E-04 
18216.65 0.00111 4.76E-05 3.37E-04 3.84E-04 
18216.7 0.00108 3.93E-05 3.36E-04 3.75E-04 
18216.75 0.00105 3.26E-05 3.35E-04 3.68E-04 
18216.8 0.00102 2.74E-05 3.34E-04 3.61E-04 
18216.85 9.79E-04 2.37E-05 3.33E-04 3.57E-04 
18216.9 9.40E-04 2.15E-05 3.31E-04 3.53E-04 
18216.95 8.99E-04 2.07E-05 3.30E-04 3.50E-04 
18217 8.56E-04 2.13E-05 3.28E-04 3.49E-04 
18217.05 8.12E-04 2.32E-05 3.26E-04 3.49E-04 
18217.1 7.66E-04 2.64E-05 3.24E-04 3.50E-04 
18217.15 7.19E-04 3.08E-05 3.21E-04 3.52E-04 
18217.2 6.71E-04 3.64E-05 3.19E-04 3.55E-04 
18217.25 6.22E-04 4.31E-05 3.16E-04 3.59E-04 
18217.3 5.72E-04 5.09E-05 3.13E-04 3.64E-04 
18217.35 5.21E-04 5.98E-05 3.10E-04 3.70E-04 
18217.4 4.70E-04 6.96E-05 3.07E-04 3.76E-04 
18217.45 4.18E-04 8.04E-05 3.03E-04 3.84E-04 
18217.5 3.67E-04 9.21E-05 3.00E-04 3.92E-04 
18217.55 3.15E-04 1.05E-04 2.96E-04 4.00E-04 
18217.6 2.63E-04 1.18E-04 2.92E-04 4.10E-04 
18217.65 2.11E-04 1.32E-04 2.88E-04 4.20E-04 
18217.7 1.60E-04 1.47E-04 2.84E-04 4.30E-04 
18217.75 1.09E-04 1.62E-04 2.79E-04 4.42E-04 
18217.8 5.90E-05 1.78E-04 2.75E-04 4.53E-04 
18217.85 9.69E-06 1.95E-04 2.70E-04 4.65E-04 
18217.9 -3.87E-05 2.12E-04 2.65E-04 4.77E-04 
18217.95 -8.60E-05 2.30E-04 2.60E-04 4.90E-04 
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18218 -1.32E-04 2.48E-04 2.55E-04 5.03E-04 
18218.05 -1.77E-04 2.66E-04 2.50E-04 5.16E-04 
18218.1 -2.20E-04 2.85E-04 2.44E-04 5.30E-04 
18218.15 -2.61E-04 3.04E-04 2.39E-04 5.43E-04 
18218.2 -3.01E-04 3.24E-04 2.33E-04 5.57E-04 
18218.25 -3.39E-04 3.43E-04 2.27E-04 5.71E-04 
18218.3 -3.74E-04 3.63E-04 2.22E-04 5.84E-04 
18218.35 -4.07E-04 3.83E-04 2.16E-04 5.98E-04 
18218.4 -4.38E-04 4.02E-04 2.09E-04 6.12E-04 
18218.45 -4.66E-04 4.22E-04 2.03E-04 6.25E-04 
18218.5 -4.92E-04 4.42E-04 1.97E-04 6.39E-04 
18218.55 -5.14E-04 4.62E-04 1.90E-04 6.52E-04 
18218.6 -5.34E-04 4.81E-04 1.84E-04 6.65E-04 
18218.65 -5.50E-04 5.01E-04 1.77E-04 6.78E-04 
18218.7 -5.64E-04 5.20E-04 1.71E-04 6.90E-04 
18218.75 -5.74E-04 5.39E-04 1.64E-04 7.03E-04 
18218.8 -5.81E-04 5.57E-04 1.57E-04 7.14E-04 
18218.85 -5.85E-04 5.75E-04 1.50E-04 7.26E-04 
18218.9 -5.87E-04 5.93E-04 1.44E-04 7.37E-04 
18218.95 -5.85E-04 6.10E-04 1.37E-04 7.47E-04 
18219 -5.82E-04 6.27E-04 1.30E-04 7.57E-04 
18219.05 -5.75E-04 6.44E-04 1.24E-04 7.67E-04 
18219.1 -5.66E-04 6.59E-04 1.17E-04 7.76E-04 
18219.15 -5.55E-04 6.75E-04 1.10E-04 7.85E-04 
18219.2 -5.41E-04 6.89E-04 1.04E-04 7.93E-04 
18219.25 -5.25E-04 7.04E-04 9.77E-05 8.01E-04 
18219.3 -5.06E-04 7.17E-04 9.16E-05 8.09E-04 
18219.35 -4.86E-04 7.31E-04 8.55E-05 8.16E-04 
18219.4 -4.64E-04 7.44E-04 7.96E-05 8.23E-04 
18219.45 -4.39E-04 7.56E-04 7.39E-05 8.30E-04 
18219.5 -4.13E-04 7.68E-04 6.83E-05 8.36E-04 
18219.55 -3.85E-04 7.79E-04 6.29E-05 8.42E-04 
18219.6 -3.56E-04 7.90E-04 5.78E-05 8.48E-04 
18219.65 -3.25E-04 8.01E-04 5.28E-05 8.54E-04 
18219.7 -2.92E-04 8.11E-04 4.81E-05 8.59E-04 
18219.75 -2.58E-04 8.21E-04 4.37E-05 8.64E-04 
18219.8 -2.22E-04 8.30E-04 3.95E-05 8.70E-04 
18219.85 -1.85E-04 8.39E-04 3.56E-05 8.75E-04 
18219.9 -1.47E-04 8.47E-04 3.20E-05 8.79E-04 
 350 
18219.95 -1.08E-04 8.55E-04 2.87E-05 8.84E-04 
18220 -6.74E-05 8.63E-04 2.58E-05 8.89E-04 
18220.05 -2.61E-05 8.70E-04 2.31E-05 8.94E-04 
18220.1 1.60E-05 8.77E-04 2.09E-05 8.98E-04 
18220.15 5.90E-05 8.84E-04 1.89E-05 9.03E-04 
18220.2 1.03E-04 8.90E-04 1.74E-05 9.07E-04 
18220.25 1.47E-04 8.96E-04 1.63E-05 9.12E-04 
18220.3 1.92E-04 9.01E-04 1.56E-05 9.17E-04 
18220.35 2.37E-04 9.06E-04 1.53E-05 9.21E-04 
18220.4 2.83E-04 9.11E-04 1.55E-05 9.26E-04 
18220.45 3.29E-04 9.15E-04 1.61E-05 9.31E-04 
18220.5 3.76E-04 9.19E-04 1.72E-05 9.36E-04 
18220.55 4.22E-04 9.23E-04 1.88E-05 9.41E-04 
18220.6 4.69E-04 9.26E-04 2.08E-05 9.47E-04 
18220.65 5.15E-04 9.29E-04 2.34E-05 9.52E-04 
18220.7 5.62E-04 9.32E-04 2.65E-05 9.58E-04 
18220.75 6.08E-04 9.34E-04 3.02E-05 9.64E-04 
18220.8 6.54E-04 9.36E-04 3.44E-05 9.70E-04 
18220.85 7.00E-04 9.38E-04 3.91E-05 9.77E-04 
18220.9 7.46E-04 9.39E-04 4.43E-05 9.84E-04 
18220.95 7.91E-04 9.40E-04 4.99E-05 9.90E-04 
18221 8.35E-04 9.41E-04 5.60E-05 9.97E-04 
18221.05 8.80E-04 9.42E-04 6.24E-05 0.001 
18221.1 9.23E-04 9.42E-04 6.93E-05 0.00101 
18221.15 9.66E-04 9.42E-04 7.65E-05 0.00102 
18221.2 0.00101 9.42E-04 8.41E-05 0.00103 
18221.25 0.00105 9.42E-04 9.19E-05 0.00103 
18221.3 0.00109 9.41E-04 1.00E-04 0.00104 
18221.35 0.00113 9.40E-04 1.09E-04 0.00105 
18221.4 0.00117 9.39E-04 1.17E-04 0.00106 
18221.45 0.00121 9.38E-04 1.26E-04 0.00106 
18221.5 0.00125 9.36E-04 1.35E-04 0.00107 
18221.55 0.00128 9.34E-04 1.44E-04 0.00108 
18221.6 0.00132 9.32E-04 1.54E-04 0.00109 
18221.65 0.00135 9.30E-04 1.63E-04 0.00109 
18221.7 0.00138 9.28E-04 1.73E-04 0.0011 
18221.75 0.00142 9.25E-04 1.83E-04 0.00111 
18221.8 0.00145 9.22E-04 1.92E-04 0.00111 
18221.85 0.00148 9.19E-04 2.02E-04 0.00112 
 351 
18221.9 0.0015 9.16E-04 2.12E-04 0.00113 
18221.95 0.00153 9.13E-04 2.22E-04 0.00113 
18222 0.00155 9.09E-04 2.31E-04 0.00114 
18222.05 0.00158 9.06E-04 2.41E-04 0.00115 
18222.1 0.0016 9.02E-04 2.50E-04 0.00115 
18222.15 0.00162 8.98E-04 2.60E-04 0.00116 
18222.2 0.00164 8.94E-04 2.69E-04 0.00116 
18222.25 0.00165 8.89E-04 2.78E-04 0.00117 
18222.3 0.00167 8.85E-04 2.87E-04 0.00117 
18222.35 0.00168 8.80E-04 2.96E-04 0.00118 
18222.4 0.00169 8.76E-04 3.04E-04 0.00118 
18222.45 0.0017 8.71E-04 3.12E-04 0.00118 
18222.5 0.00171 8.66E-04 3.20E-04 0.00119 
18222.55 0.00171 8.61E-04 3.28E-04 0.00119 
18222.6 0.00171 8.56E-04 3.35E-04 0.00119 
18222.65 0.00171 8.51E-04 3.42E-04 0.00119 
18222.7 0.00171 8.46E-04 3.49E-04 0.00119 
18222.75 0.00171 8.40E-04 3.55E-04 0.0012 
18222.8 0.0017 8.35E-04 3.60E-04 0.0012 
18222.85 0.00169 8.30E-04 3.66E-04 0.0012 
18222.9 0.00168 8.24E-04 3.70E-04 0.00119 
18222.95 0.00166 8.19E-04 3.75E-04 0.00119 
18223 0.00165 8.13E-04 3.78E-04 0.00119 
18223.05 0.00163 8.07E-04 3.81E-04 0.00119 
18223.1 0.00161 8.01E-04 3.84E-04 0.00119 
18223.15 0.00159 7.96E-04 3.86E-04 0.00118 
18223.2 0.00156 7.90E-04 3.88E-04 0.00118 
18223.25 0.00153 7.84E-04 3.89E-04 0.00117 
18223.3 0.00151 7.78E-04 3.90E-04 0.00117 
18223.35 0.00148 7.72E-04 3.90E-04 0.00116 
18223.4 0.00144 7.67E-04 3.90E-04 0.00116 
18223.45 0.00141 7.61E-04 3.89E-04 0.00115 
18223.5 0.00138 7.55E-04 3.88E-04 0.00114 
18223.55 0.00134 7.49E-04 3.86E-04 0.00114 
18223.6 0.00131 7.43E-04 3.85E-04 0.00113 
18223.65 0.00127 7.37E-04 3.82E-04 0.00112 
18223.7 0.00123 7.32E-04 3.80E-04 0.00111 
18223.75 0.00119 7.26E-04 3.77E-04 0.0011 
18223.8 0.00115 7.20E-04 3.73E-04 0.00109 
 352 
18223.85 0.00111 7.14E-04 3.69E-04 0.00108 
18223.9 0.00107 7.09E-04 3.65E-04 0.00107 
18223.95 0.00103 7.03E-04 3.61E-04 0.00106 
18224 9.91E-04 6.97E-04 3.56E-04 0.00105 
18224.05 9.50E-04 6.92E-04 3.52E-04 0.00104 
18224.1 9.10E-04 6.86E-04 3.46E-04 0.00103 
18224.15 8.69E-04 6.81E-04 3.41E-04 0.00102 
18224.2 8.29E-04 6.75E-04 3.35E-04 0.00101 
18224.25 7.89E-04 6.69E-04 3.29E-04 9.99E-04 
18224.3 7.50E-04 6.64E-04 3.23E-04 9.87E-04 
18224.35 7.11E-04 6.58E-04 3.17E-04 9.75E-04 
18224.4 6.73E-04 6.53E-04 3.10E-04 9.63E-04 
18224.45 6.36E-04 6.47E-04 3.04E-04 9.51E-04 
18224.5 6.00E-04 6.42E-04 2.97E-04 9.39E-04 
18224.55 5.65E-04 6.36E-04 2.90E-04 9.26E-04 
18224.6 5.31E-04 6.31E-04 2.83E-04 9.14E-04 
18224.65 4.98E-04 6.26E-04 2.75E-04 9.01E-04 
18224.7 4.67E-04 6.20E-04 2.68E-04 8.88E-04 
18224.75 4.37E-04 6.15E-04 2.60E-04 8.75E-04 
18224.8 4.09E-04 6.09E-04 2.53E-04 8.62E-04 
18224.85 3.83E-04 6.04E-04 2.45E-04 8.49E-04 
18224.9 3.58E-04 5.99E-04 2.37E-04 8.36E-04 
18224.95 3.35E-04 5.93E-04 2.29E-04 8.23E-04 
18225 3.15E-04 5.88E-04 2.22E-04 8.09E-04 
18225.05 2.96E-04 5.82E-04 2.14E-04 7.96E-04 
18225.1 2.80E-04 5.77E-04 2.06E-04 7.83E-04 
18225.15 2.66E-04 5.72E-04 1.98E-04 7.70E-04 
18225.2 2.54E-04 5.66E-04 1.90E-04 7.56E-04 
18225.25 2.45E-04 5.61E-04 1.82E-04 7.43E-04 
18225.3 2.38E-04 5.56E-04 1.75E-04 7.30E-04 
18225.35 2.32E-04 5.50E-04 1.67E-04 7.17E-04 
18225.4 2.29E-04 5.45E-04 1.59E-04 7.04E-04 
18225.45 2.28E-04 5.40E-04 1.51E-04 6.91E-04 
18225.5 2.29E-04 5.34E-04 1.44E-04 6.78E-04 
18225.55 2.31E-04 5.29E-04 1.36E-04 6.65E-04 
18225.6 2.35E-04 5.23E-04 1.29E-04 6.52E-04 
18225.65 2.41E-04 5.18E-04 1.21E-04 6.39E-04 
18225.7 2.49E-04 5.13E-04 1.14E-04 6.27E-04 
18225.75 2.58E-04 5.07E-04 1.07E-04 6.14E-04 
 353 
18225.8 2.68E-04 5.02E-04 9.96E-05 6.02E-04 
18225.85 2.81E-04 4.97E-04 9.26E-05 5.89E-04 
18225.9 2.94E-04 4.91E-04 8.55E-05 5.77E-04 
18225.95 3.09E-04 4.86E-04 7.86E-05 5.64E-04 
18226 3.25E-04 4.80E-04 7.18E-05 5.52E-04 
18226.05 3.43E-04 4.75E-04 6.51E-05 5.40E-04 
18226.1 3.61E-04 4.70E-04 5.85E-05 5.28E-04 
18226.15 3.81E-04 4.64E-04 5.20E-05 5.16E-04 
18226.2 4.01E-04 4.59E-04 4.55E-05 5.04E-04 
18226.25 4.23E-04 4.53E-04 3.93E-05 4.93E-04 
18226.3 4.46E-04 4.48E-04 3.31E-05 4.81E-04 
18226.35 4.69E-04 4.43E-04 2.70E-05 4.70E-04 
18226.4 4.93E-04 4.38E-04 2.11E-05 4.59E-04 
18226.45 5.18E-04 4.33E-04 1.53E-05 4.48E-04 
18226.5 5.44E-04 4.28E-04 9.64E-06 4.38E-04 
18226.55 5.70E-04 4.24E-04 4.11E-06 4.28E-04 
18226.6 5.97E-04 4.19E-04 -1.28E-06 4.18E-04 
18226.65 6.24E-04 4.15E-04 -6.53E-06 4.08E-04 
18226.7 6.52E-04 4.11E-04 -1.16E-05 3.99E-04 
18226.75 6.80E-04 4.07E-04 -1.66E-05 3.90E-04 
18226.8 7.09E-04 4.03E-04 -2.14E-05 3.82E-04 
18226.85 7.37E-04 4.00E-04 -2.60E-05 3.74E-04 
18226.9 7.66E-04 3.97E-04 -3.05E-05 3.67E-04 
18226.95 7.95E-04 3.94E-04 -3.48E-05 3.59E-04 
18227 8.24E-04 3.92E-04 -3.89E-05 3.53E-04 
18227.05 8.53E-04 3.90E-04 -4.29E-05 3.47E-04 
18227.1 8.82E-04 3.88E-04 -4.66E-05 3.41E-04 
18227.15 9.11E-04 3.86E-04 -5.02E-05 3.36E-04 
18227.2 9.40E-04 3.85E-04 -5.37E-05 3.32E-04 
18227.25 9.68E-04 3.85E-04 -5.69E-05 3.28E-04 
18227.3 9.97E-04 3.85E-04 -5.99E-05 3.25E-04 
18227.35 0.00102 3.85E-04 -6.27E-05 3.22E-04 
18227.4 0.00105 3.85E-04 -6.54E-05 3.20E-04 
18227.45 0.00108 3.86E-04 -6.78E-05 3.19E-04 
18227.5 0.00111 3.88E-04 -7.00E-05 3.18E-04 
18227.55 0.00113 3.90E-04 -7.20E-05 3.18E-04 
18227.6 0.00116 3.93E-04 -7.38E-05 3.19E-04 
18227.65 0.00118 3.96E-04 -7.54E-05 3.20E-04 
18227.7 0.00121 4.00E-04 -7.68E-05 3.23E-04 
 354 
18227.75 0.00123 4.04E-04 -7.79E-05 3.26E-04 
18227.8 0.00126 4.09E-04 -7.89E-05 3.30E-04 
18227.85 0.00128 4.14E-04 -7.97E-05 3.34E-04 
18227.9 0.0013 4.20E-04 -8.03E-05 3.40E-04 
18227.95 0.00132 4.27E-04 -8.07E-05 3.46E-04 
18228 0.00134 4.34E-04 -8.10E-05 3.53E-04 
18228.05 0.00136 4.42E-04 -8.11E-05 3.61E-04 
18228.1 0.00138 4.51E-04 -8.11E-05 3.70E-04 
18228.15 0.0014 4.60E-04 -8.09E-05 3.80E-04 
18228.2 0.00142 4.71E-04 -8.05E-05 3.90E-04 
18228.25 0.00144 4.82E-04 -8.01E-05 4.01E-04 
18228.3 0.00146 4.93E-04 -7.95E-05 4.14E-04 
18228.35 0.00147 5.06E-04 -7.88E-05 4.27E-04 
18228.4 0.00149 5.19E-04 -7.79E-05 4.41E-04 
18228.45 0.0015 5.33E-04 -7.70E-05 4.56E-04 
18228.5 0.00151 5.48E-04 -7.60E-05 4.72E-04 
18228.55 0.00153 5.63E-04 -7.49E-05 4.88E-04 
18228.6 0.00154 5.79E-04 -7.37E-05 5.06E-04 
18228.65 0.00155 5.96E-04 -7.24E-05 5.24E-04 
18228.7 0.00156 6.13E-04 -7.10E-05 5.42E-04 
18228.75 0.00156 6.31E-04 -6.96E-05 5.61E-04 
18228.8 0.00157 6.49E-04 -6.81E-05 5.81E-04 
18228.85 0.00158 6.67E-04 -6.66E-05 6.01E-04 
18228.9 0.00158 6.86E-04 -6.50E-05 6.21E-04 
18228.95 0.00158 7.05E-04 -6.34E-05 6.42E-04 
18229 0.00159 7.24E-04 -6.18E-05 6.63E-04 
18229.05 0.00159 7.44E-04 -6.01E-05 6.83E-04 
18229.1 0.00159 7.63E-04 -5.84E-05 7.04E-04 
18229.15 0.00159 7.82E-04 -5.67E-05 7.25E-04 
18229.2 0.00158 8.01E-04 -5.50E-05 7.46E-04 
18229.25 0.00158 8.20E-04 -5.33E-05 7.67E-04 
18229.3 0.00157 8.39E-04 -5.17E-05 7.88E-04 
18229.35 0.00157 8.58E-04 -5.00E-05 8.08E-04 
18229.4 0.00156 8.76E-04 -4.84E-05 8.28E-04 
18229.45 0.00155 8.94E-04 -4.67E-05 8.48E-04 
18229.5 0.00154 9.12E-04 -4.52E-05 8.67E-04 
18229.55 0.00152 9.29E-04 -4.36E-05 8.85E-04 
18229.6 0.00151 9.46E-04 -4.22E-05 9.04E-04 
18229.65 0.0015 9.62E-04 -4.07E-05 9.21E-04 
 355 
18229.7 0.00148 9.77E-04 -3.94E-05 9.38E-04 
18229.75 0.00146 9.92E-04 -3.81E-05 9.54E-04 
18229.8 0.00144 0.00101 -3.69E-05 9.69E-04 
18229.85 0.00142 0.00102 -3.58E-05 9.83E-04 
18229.9 0.0014 0.00103 -3.47E-05 9.96E-04 
18229.95 0.00138 0.00104 -3.38E-05 0.00101 
18230 0.00136 0.00105 -3.30E-05 0.00102 
 
Figure 36 
Activity (Bq/L) k (days
-1) 
pH 5 Error pH 7 Error 
1500 0.01471 0.00006 0.00652 0.00018 
19000 0.04133 0.00155 0.00341 0.01724 
36000 0.03627 0.00067 0.00127 0.00158 
 
Figure 37 
(A) Fraction of plutonium remaining in the aqueous phase as a function of time and molar 
plutonium concentration 
Pu Conc (M) Time (days) Fraction Sorbed Error 
2.70 x 10-8 
0.02152778 0.22400951 0.00422234 
0.01111111 0.22358332 0.00421185 
0.01666667 0.2333992 0.00440091 
0.14791667 0.18638949 0.00353657 
0.04583333 0.22637659 0.00436053 
8.83 x 10-8 
0.38611111 0.28530285 0.01094714 
0.9125 0.23268395 0.00942036 
1.89513889 0.13786034 0.00720776 
1.54 x 10-7 
3.87638889 0.25143622 0.00785999 
0.41111111 0.55766586 0.01296044 
0.90416667 0.44169985 0.01236931 
7.83 x 10-7 
1.51388889 0.79258091 0.00984219 
0.93194444 0.84626074 0.01041213 
4.96805556 0.46838845 0.00611437 
2.62847222 0.58240439 0.00741595 
 356 
0.17916667 0.91824759 0.01124291 
4.57 x 10-6 
0.70902778 0.96694686 0.00996282 
0.04097222 0.96446733 0.00993899 
0.9875 0.94995793 0.00978407 
1.56875 0.91165087 0.00939394 
3.53263889 0.87692386 0.00904421 
 
(B) Determination of the first-order adsorption rate constant as a function of molar 
plutonium concentration. 
Pu Conc (M) Time (days) ln ([Pu]aq,t/[Pu]aq,0) Error 
2.70 x 10-8 
0.02152778 -1.496066758 
 
0.01884895 
 
0.01111111 -1.497971121 0.01883794 
 
0.01666667 -1.455004967 0.01885572 
0.14791667 -1.679916759 0.01897407 
 
0.04583333 -1.485555354 0.01926229 
8.83 x 10-8 
0.38611111 -1.254204029 
 
0.03837023 
 
0.9125 -1.458074178 
 
0.04048565 
1.89513889 -1.981514146 
 
0.05228306 
 
1.54 x 10-7 
3.87638889 -1.380565923 
 
0.03126036 
 
0.41111111 -0.583995316 
 
0.02324052 
0.90416667 -0.817124697 
 
0.02800389 
 
7.83 x 10-7 
1.51388889 -0.232460679 
 
0.0124179 
 
0.93194444 -0.166927768 
 
0.01230368 
 
4.96805556 -0.758457314 
 
0.01305406 
2.62847222 -0.540590243 
 
0.01273333 
0.17916667 -0.08528822 
 
0.01224388 
 
4.57 x 10-6 
0.70902778 -0.033611737 
 
0.01030337 
 
0.04097222 -0.036179319 
 
0.01030516 
0.9875 -0.051337577 
 
0.01029948 
 
1.56875 -0.092498176 
 
0.01030431 
 
3.53263889 -0.131335111 
 
0.01031356 
 
 
 
 357 
Figure 38 
Pu Conc 
(M) Time (days) 
Fraction of Adsorbed Pu 
Pu(IV) error Pu(V/VI) error 
2.70 x 10-8 
0.02152778 0.997 0.034 0.003 0.000 
0.01111111 0.998 0.034 0.002 0.000 
0.01666667 0.997682201 0.0337 0.00 0.00 
0.14791667 0.997913875 0.02964 0.00 0.00 
0.04583333 0.997 0.035 0.003 0.001 
1.54 x 10-7 
3.87638889 0.992 0.043 0.008 0.010 
0.41111111 0.956 0.055 0.044 0.007 
0.90416667 0.994 0.066 0.006 0.009 
7.83 x 10-7 
1.51388889 0.95 0.04 0.05 0.01 
0.93194444 0.91 0.05 0.09 0.01 
4.96805556 0.98 0.03 0.02 0.00 
2.62847222 0.96 0.03 0.04 0.01 
0.17916667 0.73 0.08 0.27 0.04 
4.57 x 10-6 
0.04097222 0.506601052 0.11624 0.49 0.14 
0.9875 0.729699634 0.10495 0.27 0.05 
1.56875 0.778963356 0.0603 0.22 0.03 
3.53263889 0.797764803 0.04613 0.20 0.02 
 
Figure 39 
log [Pu]T error log k'ads error 
-7.568213914 0.011472298 0.17570303 0.17653651 
-7.052697634 0.046326363 -0.3111955 0.07576444 
-6.812108053 0.040254567 -0.6659737 0.15801954 
-6.106215195 0.025248139 -0.8276304 0.11964315 
-5.33987768 0.022631838 -1.5202948 0.1826098 
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Figure 40 
[Pu] = 4.57 x 10-6 M 
Experimental Data: 
Aq Conc Pu(IV)s Pu(V/VI)s 
4.40762E-06 8.22641E-08 8.01202E-08 
4.34131E-06 1.66877E-07 6.18156E-08 
4.16624E-06 3.14511E-07 8.92448E-08 
4.00754E-06 4.48709E-07 1.13749E-07 
 
Model Data: 
time (days) Aq Conc Pu(IV)s Pu(V/VI)s 
0.0409722 4.56239E-06 3.49519E-10 7.26E-09 
0.9875 4.39015E-06 1.09647E-07 7.02E-08 
1.56875 4.28761E-06 2.07863E-07 7.45E-08 
3.5326389 3.95856E-06 5.40655E-07 7.08E-08 
 
[Pu] = 7.83 x 10-7 M 
Experimental Data: 
time (days) Aq Conc Pu(IV)s Pu(V/VI)s 
1.5138889 6.20591E-07 1.54723E-07 7.68597E-09 
0.9319444 6.62622E-07 1.09893E-07 1.04849E-08 
4.9680556 3.66748E-07 4.09644E-07 6.60826E-09 
2.6284722 4.56023E-07 3.13234E-07 1.37432E-08 
0.1791667 7.18988E-07 4.69353E-08 1.70768E-08 
 
Model Data: 
time (days) Aq Conc Pu(IV)s Pu(V/VI)s 
1.5138889 6.06986E-07 1.71283E-07 4.73E-09 
0.9319444 6.69403E-07 1.08381E-07 5.22E-09 
4.9680556 3.39522E-07 4.40832E-07 2.65E-09 
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2.6284722 5.03227E-07 2.75852E-07 3.92E-09 
0.1791667 7.59757E-07 1.74465E-08 5.80E-09 
 
Figure 41 
log [H+] error log( k'rxn) error 
-4.12 0.036742346 -1.986847892 0.18267268 
-4.894 0.142232205 -1.520294833 0.1826098 
-5.738 0.169764543 -0.936666735 0.22830175 
 
Figure 42 
 Time (days) ln ([Pu]aq,t/[Pu]aq,0) error 
Light 
0.70902778 -0.033611737 0.01030337 
0.04097222 -0.036179319 0.01030516 
0.9875 -0.051337577 0.01029948 
1.56875 -0.092498176 0.01030431 
3.53263889 -0.131335111 0.01031356 
Dark 
0.94097222 -0.029152207 0.01029652 
1.95625 -0.031003214 0.01029301 
3.45486111 -0.029170326 0.01031969 
2.93958333 -0.06036202 0.01030449 
 
Figure 43 
Time pH Activity (Bq/L) Fraction Sorbed Error 
3 days 5 19000 -0.03 0.01 
1 week 5 19000 -0.03 0.02 
1 month 5 19000 0.01 0.04 
3 months 5 19000 0.23 0.03 
6 months 5 19000 0.92 0.03 
1 year 5 19000 1.00 0.00 
1.75 years 5 19000 0.97 0.01 
3 days 5 36000 0.01 0.01 
1 week 5 36000 0.01 0.01 
1 month 5 36000 0.03 0.01 
3 months 5 36000 0.11 0.02 
6 months 5 36000 0.91 0.01 
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1 year 5 36000 0.99 0.00 
1.75 years 5 36000 0.96 0.02 
3 days 7 19000 0.25 0.30 
1 week 7 19000 0.50 0.31 
1 month 7 19000 0.81 0.19 
3 months 7 19000 0.99 0.00 
6 months 7 19000 1.00 0.00 
1 year 7 19000 1.00 0.00 
1.75 years 7 19000 0.98 0.03 
3 days 7 36000 0.16 0.04 
1 week 7 36000 0.40 0.01 
1 month 7 36000 0.76 0.10 
3 months 7 36000 0.97 0.03 
6 months 7 36000 1.00 0.00 
1 year 7 36000 0.99 0.00 
1.75 years  36000 0.91 0.10 
 
Figure 45 
pH 5 
 1500 Bq/L 19000 Bq/L 36000 Bq/L 
 y-axis value Error y-axis value error y-axis value error 
3 -0.12399 0.45869 -0.04848 0.2515 -0.04822 0.13811 
7 -0.29278 0.02712 -0.05578 0.35756 -0.05076 0.38168 
28 -0.34695 0.01319 -0.09116 6.37237 -0.07722 0.24648 
91 -0.77762 0.00385 -0.35037 1.50162 -0.15903 0.06335 
181 -1.33985 0.00144 -2.63711 0.01115 -2.41471 0.00512 
319 -2.87222 1.46E-04 -5.5174 7.62E-05 -4.64639 2.04E-04 
702   -3.56056 0.003 -3.16947 0.00511 
       
pH 7 
 1500 Bq/L 19000 Bq/L 36000 Bq/L 
 y-axis value Error y-axis value error y-axis value error 
3 -0.16172 0.34067 -0.3733 0.72829 -0.22221 0.15796 
7 -0.37429 0.02036 -0.77507 0.3823 -0.55307 0.09993 
28 -0.7743 0.00384 -1.71493 0.1059 -1.50222 0.05619 
91 -1.69693 7.39E-04 -4.30433 6.03E-04 -3.69635 0.00665 
181 -2.56948 1.95E-04 -- -- -7.38638 3.35E-05 
319 -5.12045 7.51E-06 -- -- -4.88507 3.51E-04 
702   -3.98926 0.0055 -2.56239 0.03241 
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Figure 47 
pH Time (days) Fraction Sorbed Error 
4.12 2.92777778 0.042869865 0.00986083 
2.40694444 0.044741487 0.00983664 
3.90277778 0.058253958 0.00970374 
4.37847222 0.064345024 0.00963486 
4.90625 0.064582037 0.00963756 
4.89 0.70902778 0.033053138 0.00996282 
0.04097222 0.035532669 0.00993899 
0.9875 0.050042068 0.00978407 
1.56875 0.088349126 0.00939394 
3.53263889 0.123076142 0.00904421 
5.74 0.45277778 0.344296695 0.00680102 
4.35069444 0.601117683 0.0042038 
2.38819444 0.537375308 0.00485087 
3.86527778 0.547587909 0.00474896 
 
Figure 48 
pH Time (days) ln ([Pu]aq,t/[Pu]aq,0) error 
4.12 
2.92777778 -0.043815915 0.0103025 
2.40694444 -0.045773281 0.01029736 
3.90277778 -0.060019635 0.01030399 
4.37847222 -0.066508486 0.01029745 
4.90625 -0.066761831 0.01030295 
4.89 
0.70902778 -0.033611737 0.01030337 
0.04097222 -0.036179319 0.01030516 
0.9875 -0.051337577 0.01029948 
1.56875 -0.092498176 0.01030431 
3.53263889 -0.131335111 0.01031356 
5.74 
0.45277778 -0.422046872 0.0103721 
4.35069444 -0.91908885 0.01053895 
2.38819444 -0.770839154 0.01048554 
3.86527778 -0.793161808 0.01049698 
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Figure 49 
pH Time (days) 
Fraction of Adsorbed Pu 
Pu(IV) error Pu(V/VI) error 
4.12 
2.92777778 0.63 0.11 0.37 0.09 
2.40694444 0.71 0.12 0.29 0.06 
3.90277778 0.70 0.09 0.30 0.05 
4.37847222 0.71 0.08 0.29 0.05 
4.90625 0.81 0.10 0.19 0.03 
4.89 
0.04097222 0.51 0.12 0.49 0.14 
0.9875 0.73 0.10 0.27 0.05 
1.56875 0.78 0.06 0.22 0.03 
3.53263889 0.80 0.05 0.20 0.02 
5.74 
0.45277778 0.88 0.02 0.12 0.00 
4.35069444 0.94 0.02 0.06 0.00 
2.38819444 0.92 0.02 0.08 0.00 
3.86527778 0.93 0.02 0.07 0.00 
 
Figure 50 
 Time (days) Fraction Sorbed Error 
Light 0.70902778 0.033053138 0.00996282 
0.04097222 0.035532669 0.00993899 
0.9875 0.050042068 0.00978407 
1.56875 0.088349126 0.00939394 
3.53263889 0.123076142 0.00904421 
Dark 0.94097222 0.028731381 0.01000069 
1.95625 0.030527543 0.00997879 
3.45486111 0.028748979 0.01002301 
2.93958333 0.058576343 0.00970089 
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